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Animals use signals to facilitate the fundamental behaviours required for survival and 
reproduction. In social species, where many individuals interact and have to 
coordinate numerous behaviours, specialised signals are likely to arise. There are 
numerous costs and benefits to living in a group, and communication signals that 
minimise the costs and maximise the benefits of group-living are likely to be adaptive. 
In this thesis, I use a combination of behavioural observations, playback experiments 
and acoustic analyses to explore how vocal signals facilitate group-living in a 
cooperatively-breeding bird species, the pied babbler (Turdoides bicolor). 
Pied babblers forage together throughout the day, using their bills to find small 
invertebrates in the substrate, and emitting characteristic vocalisations whilst doing so. 
In chapter 3, I show that the acoustic structure of these chuck calls changes when a 
forager comes across certain food items and that the resulting `elevated chuck calls' 
attract other group-members to the foraging site. Calls are: not always given in 
situations suitable for sharing, sex-specific in structure, and (although dominant males 
gave elevated calls more often than expected by chance) males were less likely to be 
approached than females when giving these calls. These data suggest that elevated 
chuck calling is not an active signal to promote food sharing, but rather, I suggest, an 
asymmetry in calling among group members reflects the variation in the costs incurred 
by calling. 
Despite the fact that nutritional requirements and other incentives are likely to vary 
between group members, groups rarely split. In chapter 4, I explore the mechanisms 
that keep the group together whilst foraging and moving around the territory. I found 
that dominant individuals are more likely to initiate leading events and more likely to 
be followed by all other group members, initiating a `successful' lead that keeps the 
group together. The calls used whilst leading off do not appear to contain a dominant 
signature, and individuals that call and lead further are more likely to be followed, 
regardless of their dominance status. The most common patterns in leading and 
following are likely to reflect the most stable strategy for pied babblers, where 
dominant individuals hold the highest incentive to lead and subordinates pay the 
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lowest costs of synchronizing movements with others. However, calling provides the 
opportunity for subordinates to successfully lead in situations where their own 
personal incentives are high, such as on days prior to dispersal. 
Pied babblers give a variety of loud calls in various contexts and these can be 
performed as either solos or group choruses. In chapter 5, I classify eight distinct call 
types, two of which are unique to males and one unique to females. Three additional 
calls types were used significantly more by the dominant male of the group, and 
another most often by dominant females. I discuss the possible functions and 
implications of the different calling patterns in this species. Group chorusing always 
occurs if another group is present, but also occurs in some intra-group contexts. In 
chapter 6, I investigate the function of group choruses, first looking at the patterns in 
which they occur, the difference in investment between individuals, and the 
significance of sex-specific call types. In common with other studies, my results 
suggest that choruses serve multiple functions, both in territory defence but also 
potentially acting as vocal billboards for the dominant pair to advertise their presence. 
In this way, choruses may aid in maintaining intra-group dominance hierarchies, and 
allow dominant females especially to deter opposite-sex competitors in order to retain 
their breeding position. 
Groups must defend their territory in order to retain access to resources such as food, 
breeding sites and sleeping sites, and all group members benefit from this behaviour. 
In pied babblers territorial signalling involves movement to territory boundaries and 
then long periods of group chorusing in combination with vigorous posturing displays. 
In chapter 7, I explore the seasonal patterns in territory defence and show that a 
reduction in territorial encounters and the strength of response to intruders in the non- 
breeding season may be due to an energetic constraint, rather than being driven by 
breeding behaviours. 
Taken together, these results suggest that complex groups, where requirements and 
incentives are likely to be heterogeneous, can function successfully as a group by 
using signals to mediate the costs and benefits of group-living. 
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I. I. Communication 
"Nothing would work in the absence of communication" 
Marc Hauser 
The process of communication has been defined numerous times and finding one 
perfect working definition has proved difficult and is perhaps unrealistic for such a 
multidimensional topic (Bradbury and Vehrenkamp 1998). Most definitions include 
the concept of information exchange in the form of a signal, but how such concepts 
themselves are defined largely depends on the empirical line of investigation (Hauser 
1997). In this thesis, I examine the use of signals between animals and investigate the 
adaptive function behind this exchange of information. As such, I use a behavioural 
ecologist's definition of communication put forward by Krebs and Davies (1993). 
Communication is the process in which "one individual (actor) in some way modifies 
the behaviour of another (reactor)". The signals used in this process may be accidental 
or intentional, but the change in behaviour they evoke in another individual will affect 
the fitness of both sender and receiver. 
As Hauser's (1997) statement above suggests, communication is fundamental for the 
survival and reproduction of all organisms. For example, flowers can provide crucial 
visual and olfactory signals to attract their insect pollinators (Dobson 1988; Chittka 
and Menzel 1992; Lunau 1992,2000), the begging calls of bird chicks signal 
information about their nutritional requirements to their provisioning parents 
(Henderson 1975; Bengtsson and Ryden 1983; Leonard and Horn 1996), and loud 
territorial calls can signal information about the presence of a group to rivals and thus 
allow territory defence without evoking a physical fight (Marler 1972; Harrington and 
Mech 1979; Raemaekers and Raemaekers 1985; Grinnell and McComb 2001). The 
type of information that is transferred and perceived varies hugely between organisms, 
from long-lasting chemical signals, immediate visual signals and tactile signals, as 
well as far-travelling acoustic and electric signals. The modality used to transfer 
information is hugely dependent upon the physical environment, the efficiency at 
which information is transferred to the recipient (Johnstone 1997), and the 




In general, signals can provide information about two main things. First, they can 
provide a recipient with specific information about the signaller. Information such as 
the signaller's sex and condition are important in mate choice decisions, and has been 
shown in the mating calls of anurans (Ryan and Rand 1993; Gerhardt 2005), and the 
visual ornaments and displays of male birds-of-paradise and bowerbirds (Cooper and 
Forshaw 1977). Information about the signaller can also be used to mediate conflict 
and negotiate resources such as mates and/or breeding position; as shown in male 
agonistic calls (Davies and Halliday 1978; Clutton-Brock and Albon 1979), olfactory 
scent marks (Jordan 2007) and male stink fights (Jolly 1996), but can also be used in 
negotiating territories; as shown in the territory displays of mantis shrimp (Caldwell 
and Dingle 1975) and in the placement of mammalian scent deposits (Gosling 1982). 
Second, signals can provide information about the external world. For example, 
individuals can learn about the depletion of a foraging patch by the scent marks left 
by honeybees Apis mellifera ligustica on visited flowers (Giurfa and Nunez 1992; 
Giurfa 1993), or learn about the location of a food source through; food-associated 
calls (see Dittus 1984; Elgar 1986; Evans and Marler 1994), visual display in honey 
bees Apis sp. (von Frisch 1967), and chemical trails in ants (Carthy 1951). Such 
signals can also provide information about the presence of a predator, as shown in 
vocal alarm calls (Sherman 1977), and alarm pheromones used by deer 
(Mullerschwarze et al. 1984), social insects (Butler 1967) and in aquatic environments 
(Chivers and Smith 1998; Wisenden 2000). 
1.2. Signal diversification 
"We are because we talk" 
Rene Descartes 
Most organisms use at least one signal to communicate information to facilitate 
mating and survival. However, in social species where many individuals interact and 
have to coordinate numerous behaviours, many more specialised signals are likely to 
arise (Marler 1977; Waser 1982; Hauser 1997). For example, if adaptive for survival, 
contextual information might break up into different signals which categorise 
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different predator types (Seyfarth et al. 1980a; Manser 2001) or different food types 
(Slocombe and Zuberbühler 2005; Clay and Zuberbühler 2009), whereas 
identification signals may break down into kinship (Beecher 1988; Mateo 2003), 
group identity (Ford 1991; Hayward and Mouton 2007; Burgener et al. 2008), 
dominance status (Moller 1987), or age (Blumstein et al. 2004), 
Animals across numerous taxa have a repertoire of signals that allow them to perform 
various tasks (e. g. birds (Ficken et al. 1978; Collias 1987), non-human primates 
(Winter et al. 1966; Hammerschmidt and Fischer 1998), reptiles (Rand and Ryan 
1981) and cetaceans (Sjare and Smith 1986)). Human language is perhaps the most 
extraordinary case of signal diversification (Hauser 1997). Vocal communication is 
our primary mode of communication, and its complex design and use have long 
exceeded our olfactory and visual senses, and there has been much debate as to the 
role communication played in the evolution of our own society (Gibson 1991; 
Christiansen and Kirby 2003). Unfortunately, evidence of any language use by our 
ancestors is only available in the form of material remains indicating a level of 
sophistication symbolic of verbal communication (Chase and Dibble (1987) but see 
Aiello and Dunbar (1993)). Therefore, the point of vocal development in our 
evolutionary history remains under debate, and whether language or sophisticated 
society came first is still unclear. 
We cannot go back in time and measure the adaptive benefits that vocal 
communication bestowed upon our ancestors, but we can investigate the fundamental 
rules that govern the evolution of communication in other animals. In evolutionary 
biology, the primary route of enquiry is first to understand the adaptive function of 
communication signals and then to consider how signal diversification and complexity 
are beneficial to group living. 
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1.3. Sociality and the role of communication 
"Communication is the glue that holds animal societies together" 
Jack Bradbury and Sandra Vehrencamp 
1.3.1. Sociality 
Alexander (1974) proposed that to explain sociality we must first define the selective 
forces that govern group living. He pointed out the numerous benefits, but also the 
costs to living in a group. The three principal benefits he suggested are: i) lowering the 
risk of predation; ii) improving foraging ability; and iii) sharing extreme localised 
resources, such as breeding or sleeping sites. As suggested by Bradbury and 
Vehrencamp (1998), communication has been shown to benefit animal societies in 
numerous ways, including facilitating many of these collective benefits. 
Individuals can reduce their risk of predation through signals provided by 
conspecifics, such as alarms given in the presence of a predator that provide 
forewarning to move to safety (Sherman 1977; Seyfarth et al. 1980a; Manser et al. 
2001) and cues provided by other group members that are acting as sentinel guards 
(Manser 1999; Hohen et al. 2008; Bell et al. 2009). Individuals can increase their 
foraging success through the visual signals provided by colony mates (von Frisch 
1967) or the olfactory cues left along foraging trails (Carthy 1951). Moreover, there is 
substantial evidence that hunting as part of a group increases the collective ability to 
bring down larger prey (Kruuk 1972; Major 1978; Creel 1997) and coordinated 
hunting is likely to involve signals, especially when roles are specialised (Stander 
1992; Gazda et al. 2005), although to date communication during such hunts has only 
be shown in one species (Boesch and Boesch 1989). Fundamentally, however, 
individuals can only obtain these benefits by staying together with other group 
members, and many species do this through vocal signals. By producing calls whilst 
foraging in dense habitat or when spread out, they can maintain group cohesion (Caine 
and Stevens 1990; Boinski 1991) and coordinate movement to a new location (Black 
1988; Boinski and Campbell 1995; Radford 2004a). 
Alexander (1974) suggested various different types of social group: flocks or 
aggregations of unrelated individuals; groups comprising of a single sex; groups of 
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mixed-sex individuals with multiple breeders, where individuals may be uniformly or 
partly related; groups of mixed-sex individuals of which few are breeders, typically 
made up of siblings and parents; and a caste system of genetically identical 
individuals. The interests of different individuals within a group are never identical, 
and the degree to which individuals cooperate and manage their conflicts of interest 
will vary according to their relatedness (Alexander 1974). In groups that can contain 
multiple males and females, a dominance hierarchy and a skew in breeding 
opportunities, individuals are likely to vary considerably in daily requirements and 
energy budgets (Conradt and Roper 2003). Individuals within such socially complex 
groups are likely to experience high conflicts of interests as requirements are so 
heterogeneous and mechanisms to mediate such conflicts are likely to occur (Conradt 
and Roper 2003,2009), that ultimately result in the evolution of group-living. 
1.3.2. Communication repertoire 
Waser (1982) suggested that the value to a signaller of broadcasting information to 
recipients, and thus the degree to which selection favours specialized 'information- 
transfer', depends on the social system. In complex groups, described above, signals 
that mediate any conflicts of interest are likely to be advantageous. For example, 
individuals are likely to vary in their nutritional requirements, and so information 
about the nutritional state or intentions to move can help mediate conflict whilst 
foraging (e. g. moving calls (Stewart and Harcourt 1994; Boinski and Campbell 1995; 
Bousquet 2010) and visual signals (Sigg and Stolba 1981; Bourjade et al. 2009)). 
Additionally, information about dominance status can mediate conflict within the 
group (e. g. loud calls (Mitani and Nishida 1993; Fischer et al. 2004) and olfactory 
deposits (Hurst et at. 1993; Scordato and Drea 2007)), while information about sex 
and reproductive status may mediate reproductive conflict within the group (e. g. 
copulation calls (Pradhan et at. 2006; Townsend et at. 2008), sexual swellings (Nunn 
1999), olfactory deposits (Jordan et al. in press-b)). Therefore it might be expected 
that the number of unique signals in the repertoire that serve different functions is 
likely to increase with social complexity (see Dunbar 1993; Blumstein and Armitage 




In socially complex groups, animals interact with one another repeatedly over time, 
and it has been suggested that recognition is more likely to occur as discrimination 
among multiple familiar individuals is beneficial (Mateo 2006). Signal recognition 
can potentially allow identification on various levels, including species (Hunsaker 
1962; Charrier and Sturdy 2005), kin (Beecher 1988; Mateo 2003), sex (Pfefferle et al. 
2007; Jordan et al. In press-a), dominance status (Grinnell and McComb 2001; 
Neumann et al. 2010) or individual identity (Palagi and Dapporto 2006; Bates et al. 
2008). 
Information about the identity of a signaller may be hugely beneficial if, for example, 
signal reliability varies (Cheney and Seyfarth 1988; Hare and Atkins 2001; Blumstein 
and Munos 2005), or when individuals forage apart and need to find their own young 
or group (Bates et al. 2008; Carter et al. 2008). Recognition within a social group also 
allows individuals to modify their behaviour around or in response to particular 
individuals. For example, if dominant individuals induce elevated stress levels in 
subordinates (Young et al. 2006) it may be wise to avoid them, or alternatively 
demonstrate favourable appeasement interactions towards them (Wiper and Semple 
2007). 
1.3.4. Combined signals 
In many social species, permanent groups hold territories in which they have 
exclusive use of any resources (Kaufmann 1983). Access to resources such as food, 
breeding partners, nesting sites or sleeping cavities are some of the benefits Alexander 
(1974) suggest individuals can acquire by group living. To retain access to those 
resources, territorial groups must defend their territory and in many cases individuals 
combine together to do so, resulting in coordinated displays (Harrington and Mech 
1979; Reyer and Schimdl 1988; McComb et al. 1994; Radford 2003). Such displays 
signal to intruders and are largely thought to mediate and prevent physical conflict 
where necessary (Parker 1974; Maynard-Smith and Parker 1976). In socially complex 
groups where the incentive and benefits in defence vary, all individuals are unlikely to 
benefit equally from such defence, and variation in contributions is commonly 
observed (Wingfield and Lewis 1993; Sillero-Zubiri and Macdonald 1998; Kitchen 
and Beehner 2007). In non-human primates, food and mate defence have been 
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suggested to explain variation in territorial conflict between the sexes, whereas rank 
and reproductive access frequently explain within-sex variation (Kitchen and Beehner 
2007). Moreover, signals that are combined do not necessarily share the same adaptive 
function. For example, in duetting birds, although calling can act as a cooperative 
display of resource defence (Farabaugh 1982; Hall 2004) it has also been suggested to 
reflect the reproductive conflict within the pair; for females to attract matings and 
males to mate guard (Levin 1996b). 
1.4. Thesis Aims 
If group members are to acquire the benefits of group living, individuals must stay 
together; they need to gather information from each other about, for example, where 
to forage and where to move to next, and they must retain access to their resources by 
defending their territory against competitors. In this thesis, I use a combination of 
natural observations, playback experiments and acoustic analyses to investigate how 
vocal signals can facilitate such behaviours in a cooperative bird species. 
1.4.1 Thesis details 
Southern pied babblers Turdoides bicolor (hereafter referred to as pied babblers) are 
highly vocal and social birds that defend a territory throughout the year. Vocal 
communication is the primary mode of communication in this species, allowing 
information to be transmitted without visual contact and over great distances. 
Olfactory production glands and receptors are not very well developed in birds, and 
visual signals are also unlikely to be commonly used by pied babblers. First there is no 
visual sexual-dimorphism as all adult birds are monomorphic in plumage, and second, 
birds forage with their heads in the ground, digging for invertebrates, providing 
another potential benefit for vocal cues. 
Pied babblers live in cooperatively breeding groups, where non-breeding adults delay 
dispersal and help raise the young of a dominant pair, who are the only breeders. 
Groups are heterogeneous in composition, consisting of multiple adults of both sexes, 
two of which are the dominant pair and all others are subordinate helpers. Group 
members stay together throughout the day, foraging within close range of one another, 
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and cooperating together to defend their territory from intruders. Pied babblers give 
various vocalisations whilst performing a number of social behaviours and 
I investigate what information is transferred between group members through these 
vocalisations and if such signals help facilitate the behaviour and mediate the potential 
conflicts within groups. 
While foraging on the ground in close proximity to one another, individuals emit 
chuck calls. In Chapter 3, I investigate the acoustic changes in these calls and whether 
they signal any information about foraging success to other group members, and if so 
how individuals administer such information. 
Whilst foraging, pied babbler groups move around their territory together as a 
cohesive unit. One bird typically initiates a movement to a new foraging patch and 
when leading off can emit various calls. In Chapter 4, I investigate the mechanism 
used to mediate any conflict between group-members, as individual needs are likely to 
vary within these heterogeneous groups, and whether calls facilitate this behaviour. 
Pied babblers also produce a number of loud calls that are produced repetitively in a 
calling bout. Calls can be performed as solo displays, or as coordinated choruses 
involving several group members. In Chapter 5,1 classify the repertoire of loud calls 
used by pied babblers and look for patterns in when and which birds use the different 
call types. 
Coordinated choruses are performed by group members in various inter and intra- 
group contexts. In Chapter 6, I investigate the function of these raucous chorus 
displays, exploring the differences in participation by different group members, 
seasonal variation and the use of sex-specific call types in these displays. 
Territory defence in pied babblers involves neighbouring groups performing choruses 
at one another at territory boundaries and can last for up to 35 mins. In chapter 7, I 





GENERAL MATERIALS AND METHODS 
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2.1 Study site and species 
2.1.1. Kuruman River Reserve 
The research for this thesis was undertaken at the Kuruman River Reserve (KRR), in 
the Northern Cape of South Africa, located 22 km west of Van Zylsrus and 20 km 
south of Botswana (26°58'S, 21049'E). 
KRR location in Southern Africa (left) and 36.0 km2 boundary of the KRR along the typically dry 
Kuruman River (right); Google Earth images. 
The reserve is 6.8 km long by 5.3 km wide (total area = 36.0 km2) and consists of 
three main habitat zones that transform the landscape with distance from the usually 
dry Kuruman River. The river experiences flooding in times of heavy rainfall and 
water table saturation, and was last impassable in January 2005 for two days. The 
river bed mainly consists of tall Acacia erioloba (-l 1m in height) and large Ziziphus 
mucronata (-8 m in height) and, after rain, is covered with various annual grasses and 
angiosperms, such as Tribulus terestris. Outside the riverbed, long deep dunes support 
a variety of tree species, including Acacia erioloba, A. mellifera, Boscia albitrunca, 
Grewiaflava and Rhigozum trichotomum, in valleys that are up to 150 in wide and 40 
m deep. Further out, the landscape flattens somewhat and gentle undulating plains 
support small Acacia haematoxylon (-3 m in height) and a year-round presence of 
perennial grasses. 
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Riverbed habitat with large Acacia erioloba in foreground (left) and wide dune valley with Boscia 
albitrunca, A. mellifera and dune grasses (right). 
Since 2001, all domestic livestock have been removed from the reserve, and native 
herbivores, such as eland Taurotragus oryx, red hartebeest Alcelaphus caama, 
wildebeest Connochaetes taurinus and gemsbok Oryx gazella, have been reintroduced 
Natural herbivores reintroduced to the KRR: eland (top left), wildebeest (top right) and gemsbok 
(bottom) are all native species to the area. 
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Figure 2.2. KRR habitat 
to graze the land, re-establishing the natural ecosystem. 
Figure 2.3. KRR wildlife 
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The habitat is semi-arid, with a mean annual rainfall of 303 mm (2003-2009). There 
are two main seasons: the climate is warm and wet in the summer (Sep-May), and is 
cold and dry in the winter (Jun-Aug). Temperature was measured daily using an 
alcohol thermometer suspended in the shade, and rainfall was measured in a standard 
rain gauge; these data were collected by volunteers from the Meerkat Project and are 
































Figure 2.4. KRR annual rainfall and temperature 
Total monthly rainfall (mm) and mean daily maximum and minimum temperature (°C). 
Data are the means from six years (2003-2009), from the start of the Pied Babbler Project. 
2.1.2. Pied babblers (Turdoides bicolor) 
Pied babblers are from the family Timaliidae (old world babblers) and lie in the 
conservation status of low risk, falling in the category of `Least Concern' in 
accordance with the IUCN 3.1 red list (Bird Life International 2009). The 29 species 
in the Turdoides genus are distributed across Africa and Asia. They are typically fairly 
large, long-tailed birds that live in groups and can be characterised by their noisy 
vocalisations (Collar and Robson 2007). The pied babbler has a large distribution 
covering Southern Africa, including Botswana, NE Namibia, SW &S Zimbabwe, SW 
Mozambique, and NE &N South Africa (Collar and Robson 2007). The species 
favours dry savanna habitat, but appears to require areas with large or medium sized 
trees suitable for safe nesting (Hockey et al. 2005). 
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Pied babblers are facultative cooperative breeders, but unassisted pairs are rare and 
this is likely to be because they experience lower breeding success (Raihani and 
Ridley 2007b; Ridley and Raihani 2008). Most groups consist of a socially 
monogamous breeding pair (dominants), adult non-breeding helpers (subordinates) 
and offspring. Dominant birds are clearly identified through aggressive behaviours 
(pecks and other attacks) towards other group members, in addition to copulation 
behaviour, extended preening together, incubation investment, and greater efforts in 
nest building (Ridley and Raihani 2008; Nelson-Flower 2010). Subordinates are 
identified by submissive responses, including bill-gaping, crouching, looking away or 
fleeing (Raihani 2008). Groups exhibit high reproductive skew, with the dominant 
pair producing on average ca. 95% of the offspring in the group and subordinates only 
reproducing when unrelated breeding partners are present in the group (Nelson-Flower 
2010). Subordinate helpers of both sexes contribute to all group activities, including 
nestling and fledgling provisioning (Ridley and Raihani 2007b), nest (N. Raihani 
unpublished data) and territory defence (Raihani 2008), sentinel behaviour (Ridley 
and Raihani 2007a; Radford et al. 2009) and signalling the presence of predators 
(Ridley and Raihani 2007a). 
Adult pied babbler feeding a begging fledgling in a bush (left) and on sentinel duty on open raised 
perch (right). 
Groups are highly kin-structured as individuals from both sexes remain in their natal 
group into adulthood; mean age of dispersal is 565 days (Raihani et al. in press). 
Dispersal does not appear to be sex-biased in this species; dominant positions are 
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either inherited in the natal group (less common) and this is only when a suitable 
unrelated breeding partner is present, or through dispersal to non-natal groups (more 
common), when either vacancies arise or, in females only, through forced removal 
(Nelson-Flower 2010; Raihani et al. in press). Females in general have more 
aggressive tendencies, both as juveniles (Raihani et al. 2008) and adults, in both their 
aggression towards intruders (Raihani 2008) and tendency to attain dominance 
through force (Raihani et al. in press). All extra-group prospectors are met with 
aggression (chase and fight), and resident birds are more likely to be aggressive to 
same-sex intruders, however the breeding female is the most aggressive to all 
intruders (Raihani 2008). 
Pied babbler groups sleep in communal roosts situated around their territory (mean: 53 
roost sites per group; range: 34-76). The group leave the roosting tree at first light and 
spend the day moving around their territory feeding and defending it against intruders 
as a cohesive unit. They are highly terrestrial, spending more than 95% of their 
foraging time on the ground searching with their bill for small invertebrates in the 
sand (Ridley and Raihani 2007a). Groups maintain year-round territories ranging from 
750 m2 to 1500 m2 (unpublished data). When encountering neighbours, group 
members come together and give a raucous chorus, each group on opposite trees of 
the territory boundary. These interactions rarely end in physical fights (Raihani 2008) 
and appear to regulate territory space and use (see Chapter 6). 
Terrestrial predators of pied babblers include yellow mongooses Cynictis penicillata, 
slender mongooses Galerella sanguinea, African wildcats Felis silvestris cafra, small 
spotted genets Genetta genetta, cape cobras Naja nivea and puff adders Bitis arietans 
(Ridley and Raihani 2007a). Aerial predators include pale-chanting goshawks 
Melierax canorus, lanner falcons Falco biarmicus, giant eagle owls Bubo lacteus, 
pearl spotted owlets Glaucidium perlatum, spotted eagle owls Bubo africanus, martial 
eagles Polemaetus bellicosus, black-breasted snake eagles Circaetus pectoralis and 




2.1.3. The Pied Babbler Project 
The Pied Babbler Project has been running since May 2003, when the population was 
established by Dr. Amanda Ridley. She and Nichola Raihani are responsible for the 
high level of habituation at the field site, with groups content to forage within close 
presence (<2 m) of observers. It takes 6-12 weeks to habituate a group fully, with 
groups considered to be fully habituated if an observer could walk among the foraging 
group members without causing apparent alarm or distress (Raihani 2008). 
Habituation was achieved by daily visits, initially following groups at a distance and 
slowly decreasing that distance to groups. Birds were considered habituated when they 
accepted human presence as non-threatening; by neither emitting any alarm calls nor 
interrupting foraging behaviour upon human approach. Birds were then conditioned to 
associate a specific whistle with a mealworm Tenebrio molitor reward. This whistle is 
used to find groups and then later used to tempt birds down to a flat-top scale to 
enable non-invasive weighing. Habituated birds showed no discernible sign of 
perceiving observers as a threat or indeed a source of food. During my study period 
(Dec 2006 - Aug 2009), the population varied between eight and 17 habituated groups 
(mean ± SD adults: 4.8 f 1.6, range: 2-11), with complete life-histories recorded over 
this period. 
Pied babblers are sexually monomorphic and all birds were sexed using DNA testing 
(Griffiths et al. 1998). Adults were captured using a walk-in baited trap (for details see 
Radford and Ridley (2008)), and nestlings were removed temporarily from the nest at 
day 11 for ringing (nestling period 14.8 ± 2.45 days: mean ± SD) and the collection of 
a blood sample that was later used for sexing and parentage analysis. All captured 
birds were given a metal SAFRING (license number 1263 - 1328) and three colour 
bands in a unique combination to allow individual identification. Each metal ring also 
carried a unique number, allowing identification of the individual even if the plastic 
rings were lost. Blood samples (ca. 50 µl) were collected from captured birds when 
possible through brachial venipuncture, stored in 700 µl of Longmire's Solution 
Blood Lysis Buffer, and kept at 4°C (see Nelson-Flower (2010) for detailed DNA 
extraction and quantification methods, and microsatellite and genotyping techniques). 
Licenses for capture and bleeding animals were granted by the Northern Cape 




2.1.4. Annual variation 
Pied babblers breed during the wet months and, during my study period (2006-2009), 
the field site experienced a large fluctuation in summer rainfall: 393 mm in 2005- 
2006,183 mm in 2006-2007,442 mm in 2007-2008 and 167 mm in 2008-2009. This 
pattern of rainfall strongly correlated with breeding success (shown by the number of 
fledglings; Figure 2.6), and with both known dispersal events and occasions when 
individuals disappeared from the population for unknown reasons (Figure 2.6). The 
fate of individuals last seen in the population is unknown; that is, they could have 
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Figure 2.6. Study period fluctuations in rainfall, fledglings and dispersal/death 
Total rainfall, number of chicks fledging, known dispersal events and individuals lost from the 
population (fate unknown; dead or dispersed). 
2.2. Data collection 
2.2.1. Daily data collection 
Data in this thesis were collected over four field seasons, the first a preliminary visit 
of 65 days (06-Dec-06 - 09-Feb-07), the second lasting 149 days (12-Jun-07 - 09-Nov- 
07), the third for 181 days (05-Apr-08 - 03-Oct-08), and the final season a 45 day visit 
(05-Jul-09 - 19-Aug-09). Data were collected during a total of 327 observation days 
and I visited study groups on average 1.2 ± 0.4 (mean ± SD) days per week. Groups 
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were found in the evening using the habituation whistle, but often relying on my eyes 
and ears to find them over distances greater than a whistle can travel. The whistle 
commonly attracted groups from <100 m (personal observation), but also caused some 
individuals to fly up to a vigilant perch, or initiate a brief group split and as a 
consequence create a group chorus; all these behaviours helped pin-point the exact 
location of the group. When groups were followed to roost, they would then be joined 
there quietly at dawn the following morning. These morning sessions contributed the 
bulk of the data, along with shorter visits to a second group in the morning and the 
evening sessions. 
Birds were weighed at the start and end of every data session. Weights taken within 20 
min of leaving the roost tree were classified as `morning weights', and those taken 20 
min before an individual went to roost were cýassifiea as `evening weights. Birds 
were tempted to stand on a flat-top balance scale (Ohaus Scout Pro, Ohaus UK) using 
<0.5 g of cooked crumbled egg yolk. These tiny crumbs encouraged the bird to stay on the 
scale for longer and thus enabled a more accurate weight reading. Birds were then given 
one mealworm, thrown directly to their bill, as a positive reward. After weighing, no data 
were collected for 15 min to ensure the return of `normal' behaviour. 
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2.2.2. Equipment 
Data sessions broadly involved one of two methods of data collection: obtaining 
acoustic recordings or collecting intensive behavioural data. During acoustic sessions, 
targeted vocalisations were recorded using a Sennheiser ME66 short gun directional 
microphone, frequency response 40-20'000Hz ± 2.5dB, with a K6 power module 
(2004 Sennheiser), digitally transformed through a Marantz Solid state recorder 
PMD660 (2008 D&M Holdings Inc. ), frequency response 20-16'000Hz ± 0.5dB, at a 
sample rate of 48 kHz, 32-bit, and stored in WAVE file format. Behavioural data were 
collected using `all occurrence sampling' (Altmann 1974), on a handheld Palm TX 
computer (2009 Palm Inc. ) on a program I wrote using Pendragon Forms (2002-2007 
Pendragon Sofire Corporation). In total, I collected 316 hours of behavioural data, 
from morning sessions lasting 1: 41 ± 0: 52 (mean ± SD) hours and evening sessions 
lasting 0: 49 ± 0: 25 hours. During all data sessions, consecutive waypoints were taken 
by GPS (Garmin etrex, Garmin International Inc., USA) every 15 min from the centre 
of the group, to allow mapping of home range use. 
2.3. Statistical analysis 
Most analyses were conducted using R 2.8.0 (2008 The R Foundation for Statistical 
Computing), but in some cases Minitab 15 (2006 Minitab Inc. ) or SPSS 15 (1989 - 
2006 SPSS Inc. ) were used. Two methods of analysis used in this thesis are not widely 
used in the field of behavioural and acoustic biology and so require extra background 
information as to my specific methods and the logic behind why and when to use 
these techniques. 
2.3.1. Acoustic analysis 
Acoustics were viewed using AVISOFT-SAS Lab Pro 4.52 (R. Specht, Berlin, 
Germany) and fast Fourier transformation of 1024-point, frame size 100%, 96.87% 
overlap, viewed in a Hamming window. Parameter measurements were commonly 
made both by hand, using a reticule curler, but also by automatic parameter 
measurements. The latter involved labelling a call by hand, and selecting the location 
(i. e. at regular intervals, or point of maximum amplitude) to measure the appropriate 
parameters. Avisoft shows the points at which measurements are made in red graphics 
enabling a visual check of the measurement. Each method of measuring proved 
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advantageous for different parameter types; for example, entropy (reflecting ratio of 
noisy to harmonic energy) and energy quartiles (25%, 50% & 75% of the calls energy) 
could not be measured by hand, whereas measures of fundamental frequency and 
number of peaks (discrete bands of energy) were dependant on the call amplitude 
thresholds, so were best measured by hand. 
pDFA 
Discriminant function analysis (DFA) is a common technique used in bioacoustics to 
examine the differences in calls between, for example, individuals, sexes or different 
social classes. Traditional DFA tests only one factor, only allowing one call per 
individual, or bout; not doing so violates the basic assumptions of independence. This 
works fine in analyses considering differences between individuals, but traditional 
DFA falls short when testing for any higher-order grouping, such as sex or social 
status, or using multiple elements from the same calling bout, as only one call per 
individual must be used. In many analyses, the use of multiple calls per individual or 
bout is vital to capture any variation within individuals or bouts, and selecting only 
one call greatly reduces the likelihood of representing the real data (Mundry and 
Sommer 2007). Where appropriate, I use a permutation based discriminant function 
analysis (pDFA) designed to enable classification with two-factorial data sets 
(Mundry and Sommer 2007). The pDFA allows subjects to be nested or crossed with 
the grouping factor and a reliable estimation of statistical significance is obtained 
through permutation of the data. 
In pDFA, a balanced number of samples are first selected so that the subject with the 
smallest sample limits the sample selected from all subjects. Second, the number of 
predictor variables (parameters) in pDFA must be smaller than the number of objects 
in the smallest class. For example, if there were seven subjects in each class, then six 
predictor variables would be the maximum allowed. Original balanced datasets are 
selected at random, with equal numbers of replicates included per subject. As intra- 
individual variation in calls is common, the random selection process is repeated 100 
times to obtain a fair representation of any real variation. A DFA is then performed on 
each of these original data sets and cross-validated datasets, using the remaining 
unbalance data, and the average number of correctly classified call are extracted for 
each. In general, the cross-validated calls are more reliable indicators of good 
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classification, however in cases where the data are heavily unbalanced the original 
classification is more robust because it's balanced, whereas that the cross-validated 
datasets may be biased if heavily unbalances as some individuals will contribute more 
than others. The average number of correctly classified and cross-validated calls is 
then compared to a frequency distribution of correctly classifying by chance; the 
results of 1000 DFAs run on randomised data sets, created by randomly shuffling data 
either within or between subjects and then selected at random in a balanced data set. 
The significance of the original data set is obtained by dividing the number of 
randomised datasets that perform greater or equal to the average of the original data 
set, by the number of permutations. The null hypothesis in the case of a pDFA is that 
the DFA does not perform better when classifying the original dataset than when 
classifying a randomised dataset, with groups mixed at random. 
2.3.2. Behavioural analysis 
GLMMandAIC 
Fitting statistical models to observed data allow the exploration of the best 
approximations of the natural biological factors that likely affect the variable of 
interest (response term). Models allow multiple variables (explanatory terms) to be 
investigated simultaneously, and in the analyses I present here, data are commonly 
partitioned by sex, status or group, or are collected under different social contexts. 
Including multiple explanatory terms in a single model therefore enables investigation 
of the effect of a term on the response variable while correcting for other known 
variation. Such factors may interact with one another and in combination have small 
or large effects on the response term. A fundamental rule in modelling is to describe 
the data as best as possible, but also to keep the model simple, therefore selecting the 
smallest number of parameters for adequate representation of the data. How this best 
approximation model is selected, however, is critical to the success of the analysis. 
The traditional use of a subjective a cut-off level such as 0.05 in likelihood-ratio tests 
has some pitfalls with regards to model selection. Specifically, many tests can result in 
increased likelihood of error, problems can arise when tests are not independent, and 
the order in which terms are removed is critical to the p-values calculated. Moreover, 
the model with the best parameter fit (P<0.05) will likely improve its `fit' with the 
addition of more parameters, and this will make the arbitrary choice of a rather crucial 




information theoretic approach that avoids the arbitrary P <0.05 significance cut-off, 
and avoids the pitfall of significance testing mentioned above. 
Akaike (1974) suggested a method of model selection that provides evidence for the 
best model fit, called Akaike's information criterion (AIC). Akaike found a rigorous 
way to estimate Kullback-Leibler information (distance between two models) and 
simultaneously correct for the number of parameters. AIC incorporates the empirical 
log-likelihood function at its maximum point with a bias-correction term for the 
number of estimable parameters, and so enables the model that explains the most 
deviance using the least number of explanatory terms to be identified (minimal 
model). 
AIC = -2 log (log-likelihood) + 2K 
K= the number of estimable parameters 
AIC only compares models based on the same dataset, where lower AIC values 
correspond to simpler models that best described the data while using fewest 
parameters. The minimal model is identified as having the lowest AIC, and/or fewer 
parameters to any model with AIC values <_2. Models with AIC <2 are considered to 
have equal weighting (Burnham and Anderson 2004), and in such cases the model 
with the fewest parameters is selected as the minimal model in accordance with 
Occam's razor and the laws of parsimony (Lebreton et al. 1992). In the analyses I 
present in this thesis, a global model was first built including plausible factors 
associated with the response, based on biological hypotheses, including all logical 
two-way interactions and progressively removed until no further simplification was 
possible (Burnham and Anderson 2002; Crawley 2005). Each interaction was 
removed, one at a time, and replaced, retaining any interactions that when removed 
inflated AIC >2. Main effects were then removed, along with any corresponding 
interaction, replaced and again the AIC values compared, choosing the model with the 
lowest AIC. The procedure was repeated until the minimal model (AICn in) was found. 
Original terms were then returned to the minimal model sequentially to check for any 
improvements, and all terms in the minimal model removed to show their weighting. 
These alternative models, along with the minimal model and the basic model 
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(containing only the constant, random terms and residual variance) comprise the 
model set and are presented in each case. Akaike weights (w; ) were calculated for 
each model (i) in the model set, and used to indicate the relative support for each 
model in relation to each other, with better relative fit as w; approaches one. 
r 
wi=exp (Ai/ 2) I Elexp(-ar/2) 
Ai = AIC; - AIC.. j. 
r= each model in the model set 
AIC.,; n = minimal model (the model that explains the most deviance with the lowest 
number of parameters) 
If the sample size is small in relation to the number of estimated parameters, AIC may 
perform poorly. If the ratio of n/K is small (approximately <40)(Bumham and 
Anderson 2002), then a second-order bias-correction term, AICc, was used. 
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CHAPTER 3 
FOOD DISCOVERY AND VOCAL CHANGE 
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3.1. Abstract 
Numerous studies have shown that calls given in the presence of certain food items 
can act as signals to conspecifics, providing information about the location and, in 
some cases, value of food items. However, informing others about the location of food 
may incur a cost in terms of reduced foraging success for the signaller, raising the 
question of why such calls exist. I studied the chuck calls made whilst foraging in a 
cooperative bird, the pied babbler, to investigate whether variation in call production 
first signals information about prey discovery and second is related to the different 
incentives within a group that arise from breeding asynchronies. I show that pied 
babblers changed the acoustic structure of their foraging vocalisations (chuck calls) 
when coming across certain food items and that these `elevated chuck calls' attracted 
the group to the foraging site. These calls were given both on discovery of divisible 
prey and, contrary to expectation, in situations not suitable for sharing (when finding 
large single prey items). Dominant males were recorded giving these elevated calls 
more than expected, and acoustic classification shows that elevated chuck calls were 
sex specific. Data from natural observations suggested that males were less likely to 
be approached than females, although results from a playback experiment did not 
support this finding. I suggest that the asynchrony in calling among group members is 
not driven by the benefits of sharing, but rather the costs incurred by calling: dominant 
males likely incur little cost, whereas dominant females and subordinates may have 
been selected to suppress the production of elevated chuck calls. 
3.2. Introduction 
To maximise their fitness, animals need to acquire information from their 
environment, such as the location of food, the quality of potential mates and the 
presence of predators (Bradbury and Vehrenkamp 1998). Such information can be 
obtained privately, through a trial-and-error tactic involving interactions with the 
environment, or socially, from the behaviour of others (Danchin et al. 2004). Social 
information can come inadvertently through behavioural cues. For example, scrub jays 
Aphelocoma coerulescens watch and remember where conspecifics have cached food 
items, pilfering them when given the opportunity (Emery and Clayton 2001), and 
European starlings Sturnus vulgaris acquire information about food patch quality by 
observing the probing success of their flock mates (Templeton and Giraldeau 1995, 
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1996). Social information is also available from signals, which have been specifically 
adapted to provide information to conspecifics, for example the `waggle dance' of 
honeybees (genus Apis) given when returning to the hive, which directs other workers. 
to the location of a resource (von Frisch 1967). 
There is strong selection for animals, particularly those that forage in groups, to glean 
information about the location and value of prey from their conspecifics. 
Vocalisations produced by foragers may provide information to others about foraging 
success, as the structure of calls given by some animals changes when encountering 
new food items (Dittus 1984; Elgar 1986; Marler et al. 1986; Gros-Louis 2004), and 
these changes can attract mates (Stokes and Williams 1972), group members (Hauser 
and Marler 1993), or any conspecifics (Elgar 1986) to the food site. One possible 
explanation for this change in call structure, as originally suggested by Darwin (1872), 
is that it is the effect of increased arousal. There is now good evidence to suggest that 
changes in arousal state can indeed influence vocal properties across a variety of taxa 
including humans (Scherer et al. 1991; Bachorowski 1999), non-human primates 
(Fischer et al. 1995; Fichtel et al. 2001) and many other animal classes (Schrader and 
Todt 1998; Theis et al. 2007; Schehka and Zimmermann 2009). 
If there are no net costs to calling, then initial emotional responses may persist and act 
as an inadvertent cue to others. However, any change in call structure that reliably 
provides information to conspecifics about the presence of food, and which therefore 
results in the approach of other individuals, is likely to reduce the food intake of the 
caller (Hauser and Marler 1993). If the caller gains some counteracting benefits from 
the presence of others, such as reduced predation risk (Elgar 1986), enhanced foraging 
success of relatives (Hauser and Marler 1993) or attraction of high quality mates 
(Marler et al. 1986), there may be a net benefit from giving the calls. Selection should 
therefore act to favour the evolution of an adaptive signal. If the costs of sharing the 
resource outweigh any benefits from the approach of others, however, selection 
should favour suppression of the call in certain situations. For example, house 
sparrows Passer domesticus suppress food calling when non-divisible food items are 
found (Elgar 1986), rhesus macaques Macaca mulatto suppress calling in the presence 
of non-kin (Hauser and Marler 1993), and chickens Gallus gallus domesticus do not 
call in the presence of undesirable mates (Marler et al. 1986). 
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In complex groups, the asymmetric benefits arising to different individuals (Nunn and 
Lewis 2001) often lead to variation in calling behaviour which can give some 
indication as to the potential costs or benefits of signalling. Valuable insight into the 
likely basis of food calling can therefore be provided by considering which group 
members give these calls and in what contexts. Cooperative breeders, species in which 
only some group members reproduce in a given breeding attempt while non-breeding 
helpers assist in the rearing of those offspring (Cockburn 1998), provide an excellent 
social system to investigate the function of food calls. In these species, reproductive 
behaviour is often heavily skewed and nutritional requirements and social incentives 
to share food may vary accordingly. By investigating how food-calling behaviour 
varies among individuals within a group, according to the respective costs and 
benefits of producing these calls, we could further our understanding of whether such 
calls are an inadvertent cue or an intentional signal. Although the use of food calls 
have been described in complex groups (multi-male and female societies) before 
(Slocombe and Zuberbühler 2005,2006; Clay and Zuberbühler 2009), variation 
between individual group members in both their use of food calls and their responses 
to such calls produced by others have been rarely explored. 
Pied babblers offer an ideal opportunity to assess food-related calling and to 
investigate whether such calling is the bi-product of an arousal state, an adaptive 
signal to share food, or a costly signal worthy of suppression. Pied babblers are a 
highly social, cooperative species, with groups composed of a monogamous dominant 
pair (Nelson-Flower 2010) and subordinate adults of both sexes that delay dispersal 
and help raise the young of their parents. The dominant pair, as the primary breeders, 
accrue the highest reproductive fitness benefits, which are enhanced by the 
cooperative care provided by non-breeding helpers (Ridley and Raihani 2008). 
However, the dominant individuals, especially the dominant female who egg lays and 
incubates overnight, may also have greater nutritional requirements (Nelson-Flower 
2010). Individuals are therefore likely to differ in the costs and benefits arising from 
providing information about food to other group members. Pied babblers are relatively 
terrestrial, spending more than 95% of their foraging time on the ground (Ridley and 
Raihani 2007a). Groups forage together throughout the day, each holding an 
individual foraging patch commonly no more than 15 m apart (personal observation). 
Individuals forage with their bills in the substrate layer searching for small 
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invertebrates and larvae (Ridley and Raihani 2007a). When foraging, pied babblers 
give `chuck calls' which have been shown to regulate spacing rather than signal food 
(Radford and Ridley 2008). These calls vary substantially in acoustic structure, with a 
clearly audible rise in pitch and rate apparently linked to the discovery of particular 
food items (personal observation). 
Here, I use a combination of observational data, acoustic analysis and a playback 
experiment to investigate a) in what contexts chuck calls become elevated in pitch and 
rate, b) which individuals give such calls, c) whether responses to these calls differ 
depending on the sex or status of the caller, d) how call structure changes in the 
presence of new food items, and e) what response from other group members is 
elicited by these calls. 
3.3. Methods 
3.3.1 Study site and population 
I collected data on 11 habituated pied babbler groups from the Kuruman River 
Reserve, South Africa (26°58'S, 21°49'E) between July 2007 and August 2009. The 
study site consists of semi-arid Kalahari scrubland with a strong seasonal trend in 
rainfall (for a detailed description of vegetation and climate, see Clutton-Brock et al. 
(1999) and Raihani and Ridley (2007a)). 
Pied babblers live in stable, cooperatively-breeding groups which consist of a 
dominant breeding pair, who produce ca. 95% of offspring (Nelson-Flower 2010), and 
sexually-mature subordinate male and female helpers. Dominant birds are easily 
identified through aggressive behaviour (pecks and other attacks), and subordinates by 
submissive responses, including bill-gaping, crouching, looking away or fleeing 
(Raihani 2008). Group size in the study period ranged from two to 13 adults (mean f 
SD: 6.1 ± 2.6), which defend year-round territories and move around these as a tight 
unit, foraging together throughout the day. Groups were visited approximately three 
times a week, were habituated to human presence at 3 m, and were trained to stand on 
a flat-top balance, for the reward of a mealworm. This allowed the collection of three 
daily weight measures: at dawn, after the end of a morning foraging session and at 
dusk before the birds returned to roost. All birds were trapped and given unique colour 
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ring combinations to allow individual identification (see Radford and Ridley (2008) 
for details). 
3.3.1. Data collection 
3.3.1.1. Observational data 
Audible distinction of normal chuck calls (NCC) and elevated chuck calls (ECC) 
given in the presence of some food items was possible because of a clear increase in 
the pitch (Figure 3.1) and rate (NCC: mean 10 calls/min; ECC: mean 27 call/min) of 
calling. I recorded 64 separate occasions that ECC were given by 28 different 
individuals in 11 groups, noting data about the identity of the caller, the food type and 
if any group members approached (interrupted their own foraging and moved in a 
direct path towards the caller during the period of elevated calling) on a hand held 
palm TX computer (Palm Inc. 2009). Food items were assigned to one of five 
different size categories: tiny, small, medium, large and extra large (see Raihani and 
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Figure 3.1. Spectrogram and waveform showing chuck call types. 
An example of a normal chuck call and an elevated chuck call given by the same individual whilst 
foraging. 
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To investigate differences in calling between social categories (dominant male (DM), 
dominant female (DF), subordinate male (SM), subordinate female (SF)), the number 
of individuals in each category that were observed to give ECC was compared to that 
expected by chance. Expected values were calculated from the proportion of each 
classification found in the population averaged over three data seasons (Jun-Oct 2007, 
Apr-Sep 2008, Jul-Aug 2009) and were as follows: DF=0.16, DM=0.16, SF=0.42 and 
SM=0.26. These proportions were then multiplied by the total number of individuals 
observed giving the ECC in the dataset (28) to give the expected number of 
individuals in each classification. A Yates corrected chi-squared test, followed by a 
binomial exact test on the strongest contributor to the chi-squared value, were 
performed to examine whether the observed number of calls was significantly 
different from the expected proportion. 
To investigate what factors affect the response of other group members to ECC, I 
analysed observational data using generalised linear mixed models (GLMMs), which 
allow for multiple data from the same individuals, groups and days. I used GLMMs 
with a binomial error distribution and a logit link function to consider which fixed 
terms (sex and dominance status of the caller) predicted whether a caller was 
approached (1) or not (0). I used Akaike's Information Criteria for small sample sizes 
(AICc) to test a series of models representing biologically-plausible hypotheses, 
including the basic model containing only the intercept and a random term for 
individual identity, as random terms for group identity and date accounted for zero 
variance. Lower AIC values correspond with better relative support for each model 
(Akaike 1974). All terms were sequentially removed from a saturated model, retaining 
only those whose removal inflated the AIC by >2. The model set included the basic 
model, containing only the intercept and random terms, the minimal model, and all the 
original terms returned to the minimal model to validate for no improvement. Akaike 
weights, w; = exp (-0; / 2) /E` r1 exp(-Ar /2), A=AIC,; n - AIC; were calculated for 
the model set to show the weighting of importance between the minimal model and 
those models with original terms retained (Burnham and Anderson 2004). 
3.3.1.2. Acoustic analyses 
To investigate precise differences in acoustic structure between NCC and ECC given 
by foraging pied babblers under controlled conditions, the calling of individuals was 
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recorded before and following the experimental presentation of crumbled boiled egg 
yolk. I used egg yolk because it is a rare food item (not readily available) and is a 
source of high nutrition for a babbler. Additionally, tiny crumbs of egg yolk are 
similar in size and numbers to a common prey, tiny ant larvae, which regularly elicit 
ECC (see Results 3.4.1. ). The dominant pair from seven groups were chosen as focal 
individuals, allowing a paired comparison of male and female calls whilst controlling 
for any group and social status differences. Unfortunately there were not enough 
groups available with both a male and female subordinate adult to perform a parallel 
experiment with subordinates. Food presentations were conducted in periods when no 
young birds (<3 months) were present in the group, to prevent the emission of food 
recruitment purr calls (Radford and Ridley 2006). 
Once foraging in their own patch (>2 m to the nearest neighbour), focal individuals 
were presented with the crumbled yolk from 1/2 an egg on the ground around them. 
Their vocalisations were recorded for 1 min before and for 1 min after the egg was 
presented, using a Sennheiser ME66 short gun microphone, frequency response 40Hz- 
20kHz ± 2.5dB, with a K6 power module (2004 Sennheiser). Calls were digitally 
transformed through a Marantz PMD660 solid-state recorder (2008 D&M Holdings 
Inc. ), frequency response 20Hz -16kHz (-0.5dB tolerance), at a sample rate of 48 kHz, 
32-bit, and stored directly onto a Compact Flash media card in WAVE file format. 
Calls from the period before (NCC) and during (ECC) egg presentation were extracted 
using AVISOFT-SAS Lab Pro 4.52 (R. Specht, Berlin, Germany) and fast Fourier 
transformed to 1024-point, frame size 100%, 96.87% overlap, viewed in a Hamming 
window. To describe the call shape, the following parameters were measured from all 
calls of excellent quality (high signal-to-noise ratio): call duration, number of visible 
harmonics peaks, and the maximum and minimum frequency of the first harmonic bar. 
Additionally, at six equally spaced intervals, the quartiles 25%, 50% and 75% of the 
calls energy, entropy of energy (reflecting ratio of noisy to harmonic energy, where 0 
represents pure tone signals and 1 random white noise) and number of peaks above - 
20db were recorded. The average for each quartile, entropy and number of peaks was 
calculated between intervals 2-5. Intervals 1 and 6 are at the extreme ends of the call 
and were not required to help describe the call shape. 
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A permutation-based discriminant function analysis (pDFA) was used to allow for the 
analysis of a two-factor dataset (Mundry and Sommer 2007). The null hypothesis in 
the case of a pDFA is that the DFA does not perform better when classifying the 
original dataset than when classifying a randomised dataset, with groups mixed at 
random (for further details of the pDFA, see Mundry and Sommer (2007) and Chapter 
2). First, males and females were separated to control for any potential sex 
differences, and 12 calls per individual were crossed between the two call types (six in 
each) to explore differences between NCC and ECC. Later, sex differences were 
explored by separating the two call types: six calls per individual were nested within 
the two sex groups for the ECC, and seven calls per individual were available for the 
NCC. The number of predictor variables (parameters) was reduced, such that their 
number was smaller than the number of objects in the smallest class. For example, 
there were six individuals in the minimum call-type group, so five predictor variables 
are advised as the maximum (Mundry and Sommer 2007). Variables were chosen by 
grouping all parameters with a Spearman's correlation score >0.7, and then selecting 
the one with the best fit to a normal distribution and homogeneity of variance. 
Parameters used for all tests were: log minimum frequency, maximum frequency, log 
duration, average 25% energy-quartile (quart25) and average entropy. I then 
performed a paired t-test for each of the acoustic parameters used in the pDFA taking 
an average measure from the NCC and ECC of each individual (n=14) to explore the 
specific structural features that may change between call types. 
3.3.1.2. Playback experiment 
A playback experiment was performed to test whether NCC and ECC elicit the same 
response from the rest of the group. Whilst the group were foraging, a speaker 
(Creative TravelSound 200,1998 - 2004 Creative Technology Ltd. Frequency 
response 150 Hz - 20 kHz) was hidden in a bush on the ground approximately 7-10 m 
from the core of the group was used to play back the calls of the dominant male or 
female from the group, from a Palm Tx (2009 Palm Inc. ). Three treatments were used 
in both cases: (1) the NCC recorded before egg was presented (see above); (2) the 
ECC recorded in the presence of egg yolk (see above); and (3) an intermediate 
treatment (INT) in which the recording of NCC was modified to match the inter-call 
interval of the ECC for that individual. Because ECC have both a higher pitch and rate 
than NCC, this treatment allowed a test of whether call structure or inter-call interval 
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carry important information to receivers. The recordings were cleaned of background 
noise, cut to 60 seconds and amplitude levels normalised, playback volume was then 
standardised to replicate a natural sound level. 
The playbacks of 14 dominant individuals NCC and ECC were played to seven 
groups, and 10 of whom also had INT playbacks. All playbacks were performed in a 
randomised order, in different locations, and at intervals of over an hour, on the same 
day where possible. The response of the group was videoed on a Panasonic Leica 
Dicomar NV-GS300 (2010 Panasonic UK Ltd. ). The latency to approach, defined as 
the time from the start of the playback until the first bird approached within 5 in 
hopping in a direct line towards the speaker, and the time spent with the speaker, 
defined as the time from when the first bird approached the speaker to when all birds 
were back foraging, were measured using Windows Movie Maker 5.1 (Microsoft 
Corporation). Video playback at 13 frames per second allowed sensitive time 
measurements of these behaviours. 
Responses to seven paired playbacks of dominant male and dominant female calls 
were tested with respect to sex differences of the caller for both NCC and ECC 
separately; INT calls are structurally the same as NCC, so I did not look for sex 
differences in this call type. These data were analyzed using non-parametric Wilcoxon 
signed rank tests, after transformations failed to fit a normal distribution. Data were 
then tested with respect to call type (NCC, ECC, INT) using a Friedman's test for 
differences between all three treatments and then post-hoc Wilcoxon signed rank tests 
to explore the differences between pairs of treatments. 
3.4. Results 
3.4.1. Observational data 
Pied babblers gave elevated chuck calls (ECC) most often in the presence of tiny and 
extra large prey items (Figure 3.2). Forty-five percent of ECC were recorded when 
tiny items were found, over half of which (56%) were identified as ant larvae that are 
regularly found in large numbers that one bird is rarely able to monopolise. Thirty- 
three percent of ECC were recorded when extra-large prey items were found. These 
mostly comprised single items, such as crickets, lizards and millipedes (33%, 25% and 
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16%, respectively), which are easily monopolised by the finder. Calls were also 
recorded from individuals that appeared to have no food items (unknown). This is 
unlikely to be because items were too small for identification (with binoculars, even 
the tiniest of items can be seen), but probably represents occasions when ECC were 























PREY SIZE CLASSIFICATION 
Figure 3.2. Prey sizes found when giving elevated chuck calls. 
Percentage of occasions elevated chuck calls (ECC) were given by foraging pied babblers when 
encountering prey items of different size. 
There was a strong, although non-significant, difference between the observed 
frequencies with which individuals of different social category gave ECC and those 
that would be expected by chance given the actual population ratios (chi-squared test: 
x2 i= 7.37, P=0.061; Figure 3.3). When looking at the contributions to the chi-squared 
analysis, this difference was largely driven by dominant males (x2 contribution: 
DF=0.0001, DM=5.7647, SF=1.5916, SM=0.0167). The observed rate of calling by 
dominant males was significantly higher than expected by chance given their actual 
population ratio (binomial test, P=0.006). 
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Figure 3.3. Observed and expected occurrence of ECC between different social classes. 
Number of individuals observed giving elevated chuck calls (ECC) and the expected number 
given the population ratio if all birds call equally. 
The factor most likely to affect whether any group members approached a forager 
giving ECC was the sex of the caller, with females more likely to be approached than 
males (Table 3.1; Figure 3.4). There was no evidence that dominance status or an 
interaction between the status and sex of the calling bird affected the likelihood of 
approach (Table 3.1). 
Table 3.1. GLMMs exploring factors affecting when a calling bird is approached. 
Generalised linear mixed models (GLMMs) with a binomial error distribution and a logit link 
function investigating the factors that predict the likelihood of a foraging bird giving elevated 
chuck calls (ECC) being approached. Number of observations=75. Random term: caller ID=33. 
Model 1a best tits the data with the fewest explanatory parameters. 
Model Description Estimate AICc k Al w, 
Basic 107.7 2 3.2 0.124 
la female SEX 
0.0000 104.5 3 0.0 0.593 
male -1.4206 
Alternative models 
2a SEX + STATUS - 106.6 4 2.1 0.215 
3a SEX + STATUS + SEX * STATUS - 108.9 5 4.4 0.068 
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Figure 3.4. Likelihood a calling bird is approached. 
Estimated means (from model Ia, Table 3.1) for the likelihood that a male or female forager 
giving elevated chuck calls (ECC) was approached. 
3.4.2. Acoustic analyses 
Pied babbler chuck calls from dominant individuals could be successfully classified 
by sex of the caller: the original discriminant functions from a pDFA were 
significantly better at classifying the calls into groups of sex than that of the 
randomised dataset for both NCC and ECC (P=0.025 and P=0.045 respectively; 
Figure 3.5). 














Figure 3.5. Discriminant function plots showing differences in sex for chuck and elevated call. 
Discriminant function scores showing classification grouping between the sexes using the mean 
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After separating these calls into male and female groups, the chuck call types could 
also be structurally categorized into calls made in the presence of egg yolk (ECC) and 
calls made whilst foraging before egg yolk was presented (NCC): the pDFA assigned 
significantly more calls into the correct groups when using the original dataset 
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Figure 3.6. Discriminant function plots showing call differences in chuck and elevated call. 
Discriminant function scores showing differences in classification of normal chuck calls (NCC) 
and elevated chuck calls (ECC) using the mean parameter measure per individual for (a) females 
and (b) males. 
ECC had a significantly higher maximum frequency at the first harmonic (paired t- 
test: T13=-2.77, N=14, P=0.016), were significantly shorter in duration (T13=5.20, 
N=14, P<0.001) and had a significantly lower frequency cut off for the 25% energy 
quartile (T13=2.58, N=14, P=0.023) compared to NCC (Figure 3.7). Minimum 
frequency (T13=1.56, N=14, P=0.100) and entropy 013=1.37, N=14, P=0.194) did not 
differ significantly between ECC and NCC. 
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Figure 3.7. Bar chart of parameters that significantly differ between chuck and elevates calls. 
Mean and paired differences for a) maximum frequency at the first harmonic, b) call duration 
and c) frequency of 25% energy quartile of normal chuck calls (NCC) and elevated chuck calls 
(ECC). Females are shown by a broken joining line, males by a solid line. 
3.4.3. Playback experiment 
Group members did not differ significantly in either the latency to approach 
(Wilcoxon signed rank test, NCC: W3=17, N=7, P=0.3219; ECC: Z6=-0.338, N=7, 
P=0.735) or the time spent with the speaker (NCC: W3=24, N=7, P=0.890; ECC: 26=- 
0.507, N=7, f'-0.612) depending on caller sex. 
Given that no differences were detected in the responses to male and female calls, 
sexes were combined when looking at differences between call types. There was a 
significantly different response to the three call types (NCC, ECC, INT) in both the 
latency to approach (Freidman test: x22=14.30, N=10, P<0.001; Figure 3.8a) and the 
time spent with the speaker (x22=14.30, N=10, P<0.001; Figure 3.8b). Post-hoc tests 
revealed that the latency to approach was significantly slower in the NCC trial 
compared to both the ECC (Wilcoxon signed rank test: Z12 -3.18, N=14, P=0.001) 
and INT trials (Zg=-2.19, N=10, P=0.028), but there was no significant difference in 
approach latency between the ECC and INT trials (Z9=-1.72, N=10, P=0.086). In 
contrast, the time spent with the speaker was significantly greater in the ECC trial 
compared to both the NCC (42=-3.18, N=14, P=0.001) and INT trials (Z9=-2.70, 
N=10, P=0.007), but there was no significant difference between the NCC and INT 
trials (Z8=-1.60, N=10, P=0.110). This indicates that although the birds were just as 
fast to approach playbacks of NCC that had been sped up (INT) as they were to 
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approach playbacks of ECC, they did not stay around the speaker for as long as they 























Figure 3.8. Bar chart of responses to the playback of chuck and elevated calls 
Mean ± SE (a) latency to approach and (b) time spent with speaker in response to three different 
playback treatments of chuck calling: ECC = elevated chuck calling, INT = intermediate, NCC = 
normal chuck calling. NS = P>0.05, *= P<0.05, ** = P<0.01. 
3.5. Discussion 
The acoustic structure of pied babbler foraging chuck calls changed when they came 
across particular food items. Elevated chuck calls (ECC) were given most frequently 
in the presence of both single, extra-large items and multiple tiny food items, and 
resulted in other group members approaching the caller. Dominant males gave ECC 
more than would be expected by chance, yet calling males were less likely to be 
approached than were calling females. Although acoustic analysis revealed that these 
calls were sexually distinct, pied babblers did not show a markedly different 
behavioural response to the ECC of males and females in a playback experiment. 
They did, however, show a clear behavioural difference in response to the two call 
types (normal chuck calls (NCC) and ECC), approaching ECC faster and staying near 
the speaker for longer. 
3.5.1. Calling in the presence of food 
In keeping with several previous studies (Dittus 1984; Marler et al. 1986; Brown et al. 
1991; Gros-Louis 2004), pied babblers showed a distinct and discernable change in 
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the acoustic structure of their chuck calls when encountering particular food items. 
The resulting calls (ECC) had an increase in temporal frequency, were shorter in 
duration and were elevated in pitch (maximum frequency at the first harmonic) 
compared to NCC. These changes occurred most often when finding tiny items, such 
as ant larvae. Tiny items are typically found in multiple numbers and are consequently 
a food source that is divisible, and so readily shared (personal observation). Many 
studies, including earlier work on extended parental care in pied babblers, have shown 
food recruitment calls to be given specifically in the presence of such divisible food 
items (Elgar 1986; Hauser et al. 1993; Radford and Ridley 2006). However, ECC of 
pied babblers were also given in situations that would be unfavourable for sharing: 
when finding extra-large items, such as lizards, crickets and giant millipedes, which 
can be monopolised by a single individual. 
Playback of ECC alone, without the presence of a babbler, resulted in other group 
members approaching and remaining in the vicinity of the speaker for longer than 
playback of NCC. These findings are also consistent with previous work (see Dittus 
(1984) and Marler et aL (1986)), showing that such calls provide information to 
conspecifics about the location of food in the environment, and receivers therefore 
benefit by approaching. In addition to investigating the behavioural response to typical 
calls, I explored whether call rate or other structural properties of ECC are the 
important component of the signal to receivers. Intermediate calls (INT), which were 
structurally the same as NCC but with an inter-call interval set to that of the ECC, 
caused group members to approach the speaker as quickly as did ECC. This suggests 
that the rate of calling provides some information to conspecifics. However, group 
members did not stay around the speaker as long as they did in response to ECC, so it 
is likely that the structure of ECC is an important component of the signal as well. It is 
possible that call rate is more audible over greater distances than other acoustic 
components of the ECC, such as pitch. If this is the case, then it might explain why 
birds stopped responding to the call as they got close to the speaker. Alternatively, call 
rate may hold a distinctive meaning on top of that tested in this study, such as 
signalling an individual's internal state, as seen with hunger levels in rhesus macaques 
(Hauser and Marler 1993). 
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3.5.2. Variation in behaviour and acoustics 
The NCC and ECC of dominant male and female pied babblers were acoustically 
distinct. Sex differences in the acoustic structure of vocalisations have been 
commonly described in other species with respect to other social behaviours, such as 
mating (Dobler et al. 1994), begging (Saino et al. 2003) and the announcement of 
danger (Blumstein and Munos 2005). To my knowledge, no study has reported calls 
of the same type, made whilst foraging to be sex-specific in structure. Sex-specific 
calls are often thought to be the result of inter-individual differences in anatomy 
between the sexes (Rosenfield and Bielefeldt 1991; Farquhar 1993; Ballintijn and ten 
Cate 1997; Radford 2004b). Although there is no obvious physical dimorphism 
between dominant male and female pied babblers, more subtle differences, such as bill 
or syrinx shape, may still exist and be the cause of these intersexual differences in 
acoustic structure of these chuck calls. 
Pied babblers may use this information about sex when foraging, because males were 
less likely to be approached by a group member than females when giving ECC in 
natural contexts. However, I did not find any supporting evidence for this potential 
use of intersexual acoustic differences when examining the decision to approach a 
caller using a playback experiment. This difference between natural and experimental 
results may have arisen if the playback experiment did not mirror all the components 
of a natural situation. First, the audio playback does not provide a visual component, 
and perhaps this is required to obtain the correct information about sex of the caller in 
natural foraging situations. However, pied babblers can forage up to 20 m apart on 
opposite sides of dense thickets, and in such situations vocal signals are likely to 
evolve as the primary mode of communication, maximising foraging efficiency 
without suspending foraging (see Radford and Ridley (2007); Hollen et al. (2008); 
Radford et al. (2009)). Second, it is possible that some audio information is missing in 
the playback experiment. Amplitude and the energy put into different parts of the call 
cannot be easily measured or controlled in field recordings, and as a consequence 
amplitude was made constant in my playback experiments. If amplitude does 
commonly vary between the sexes, as has been documented in other species where 
calls are required to travel further distances and function in mate attraction and/or 
intra-sexual competition (Croll et al. 2002; Naguib et al. 2008), it could be used as one 
of the cues to aid sex discrimination. In either of these hypothetical cases, my 
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playback experiment would not have provided the correct information necessary for 
successful sex discrimination by the birds. Given the observed differences in approach 
behaviour in non-experimental situations, and the structural differences found between 
the calls of the sexes, it seems likely that this may indeed be the case. 
3.5.3. Why signal? 
The increase in pitch and rate of pied babbler chuck calls is in keeping with the 
patterns ascribed to emotional changes in other species. In humans, increases in pitch, 
tempo and loudness (amplitude) are associated with emotions of joy, happiness and 
confidence, due to vocal chord movement (Scherer et al. 1991; Bachorowski 1999). 
Such patterns have also been found in times of heightened arousal in spotted hyaena 
Crocuta crocuta whoop calls (Theis et al. 2007), in tree shrew Tupaia belangeri 
anxiety shrieks (Schehka and Zimmermann 2009) and in numerous non-human 
primate studies (squirrel monkeys Saimiri sciureus experiencing aversion, Fichtel et 
al. (2001); barbary macaques Macaca sylvanus giving disturbance calls, Fischer et al. 
(1995); pigtail macaques M nemestrina producing agonistic screams, Gouzoules & 
Gouzoules (1989)). It is therefore possible that changes in arousal state could be 
responsible for the structural differences in calls made by foraging babblers and other 
group members might be responding to an inadvertent cue. 
If the change in call structure and rate was solely the consequence of elevated arousal 
when finding particular food items, all individuals might be expected to exhibit it 
equally. However, that is not the case: dominant males were more likely to produce 
ECC than expected by chance. One possible explanation for greater calling by 
dominant males is that they are better at finding food items that elicit the elevated 
calls than other group members. There is some evidence in other species that access to 
resources increases with social dominance (Hahn and Bauer 2008), but it is often 
unclear whether access is increased by dominance and aggression, or whether good 
foragers are more able to attain dominance. This is especially true in male primates, 
where dominance is often acquired and maintained through aggressive interactions 
that are clearly affected by size and strength (Walters and Seyfarth 1987). In pied 
babblers, males do not appear to attain dominance by force but either inherit natal 
breeding positions or fill vacancies (Raihani 2008; Raihani et al. in press), whereas 
females acquire dominance by force (Raihani et al. 2008; Raihani et al. in press). 
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Taken together, the adaptive benefits of larger size and/or foraging success in male 
dominant individuals are unclear in this species. Foraging success has also been 
shown to correlate with age (Desrochers 1992; Smith and Metcalfe 1994), and 
dominant pied babbler individuals are typically older and heavier than subordinates 
(Raihani 2008), so there could be some benefit of experience for foraging pied 
babblers. However, if this were the case I would have predicted that both dominant 
males and dominant females would produce ECC more than expected, which was not 
the case. Without data on the differences in foraging success of different social 
classes, these points remain speculative. 
Another potential explanation for greater calling by dominant males is that they 
benefit most from signalling the presence of food to the group. Sharing food items 
may increase the survival chances of group-mates (see Clutton-Brock et al. (1999)), 
and an increased group size can provide a variety of indirect and direct benefits, 
including an improved ability to defend the territory (Packer et al. 1990; Radford and 
Du Plessis 2004) and to raise young (Ridley and Raihani 2007b, 2008). However, 
although both the dominant pair reap equally high fitness benefits as breeders and so 
would be expected to obtain similar benefits from sharing food, ECC by dominant 
females are less common. Moreover, my findings suggest that dominant males do not 
give ECC as a signal to share: ECC were often produced when clearly non-divisible 
prey items were found, and males giving ECC were less likely to be approached than 
females producing similar calls. 
An alternative possibility is that dominant males call more than expected because they 
do not suffer a fitness cost from doing so, whereas selection has favoured suppression 
in other group members. In pied babbler groups, the dominant female produces ca. 
95% of the eggs and is the only individual to incubate them on the nest overnight 
(Nelson-Flower 2010), forfeiting the insulation of the group at roost, and so is likely 
to suffer the highest energetic costs. With higher nutritional requirements, the 
dominant female may therefore benefit more from avoiding any advertisement of 
finding food. Moreover, only dominant females can lose their breeding position 
through forced eviction by prospecting females (Raihani et at. in press) and, as size is 
likely to be a good indicator of fighting success (see Davies and Halliday (1978)), 
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Subordinate individuals may also suffer fitness costs from calling, as they are on 
average lighter (Raihani 2008). Weight has been shown to be a good predictor of the 
outcome of foraging competitions (e. g. white-nosed coatis Nasua narica (Gompper 
1996) and bald eagles Haliaeetus leucocephalus (Knight and Skagen 1988)) and 
subordinate babblers may therefore be at a greater risk of losing food items to heavier 
dominant individuals. In contrast to these possible selection pressures to suppress 
production or reduce the amplitude of ECC for dominant females and subordinates, 
dominant males may experience no such fitness costs from giving ECC. This may be 
because they are less likely to lose food items if size does reflect fighting success in 
babblers and may explain why they are not so readily approached. 
The findings of this chapter suggest that elevated chuck calling is unlikely to be an 
intentional signal to the group announcing food that can be shared. Changes in call 
structure are equivalent to those suggested when calling is the effect of a change in 
arousal state and calls arise equally when food items are both divisible and non- 
divisible. I suggest instead that the observed patterns in elevated chuck calling in pied 
babblers reflect the variation in fitness costs of signalling food across the group, with 
suppression favourable for some social classes and the cost of production low in 
others. 
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CHAPTER 4 
GROUP COORDINATION AND COHESION 
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4.1. Abstract 
There are many benefits of living in a group, but these only exist if the group can stay 
together. In socially complex groups with multi-sex compositions and dominance 
hierarchies, individuals are likely to be heterogeneous in requirement and incentives, 
and conflicts of interest, such as when to forage and when to rest, may arise. In this 
chapter, I explore moving patterns in leading and following behaviour in pied babblers 
to examine how individuals in such socially complex groups coordinate their actions 
and stay together as a cohesive unit throughout the day. I found that dominant 
individuals are more likely to initiate leading events and that they are also more likely 
to be followed by all other group members, and therefore initiate a successful lead. 
These results suggest that the patterns in leading and following reflect the high 
incentives and benefits to dominant individuals, and the low synchronization costs to 
subordinates, a consequence of the high reproductive skew in this species. I also show 
that when any bird calls and leads a greater distance, it is more likely to recruit a 
higher proportion of followers, regardless of the call type given. Although when a 
subordinate gives a moving purr call, the likelihood of following is reduced. A 
playback experiment revealed that birds can discriminate between the purr call of a 
dominant and subordinate bird, although no dominance structure was found in calls 
used whilst moving using discriminant function analysis. Subordinate leading birds 
are more likely to produce a call (of either type) the greater distance they lead, and the 
influence of calling and distance moved may thus provide the opportunity for 
subordinate leading, perhaps when their own personal incentives are high such as on 
days prior to dispersal. 
4.2. Introduction 
There are numerous benefits that can be obtained by animals from living in a group 
(Krause and Ruxton 2002), but these only exist if group members can stay together 
(Alexander 1974; Conradt and Roper 2007). Individuals therefore have to coordinate 
their movement to prevent costly group splits, which may reduce foraging success 
(Creel 1997) and elevate the risk of predation (Bertram 1980; Clutton-Brock et al. 
1999). A number of game-theoretical models have been developed to explain the 
evolution and maintenance of group cohesion and coordination (Conradt and Roper 
2003,2005,2009). These suggest that conflicts of interest between group members 
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due to, for example, differing physiological requirements, can be minimised through 
decision-making mechanisms that synchronise activities (Conradt and Roper 2003). 
This has been shown to be achieved either through an unshared despotic decision 
(Norton 1986; King et al. 2008), a partially shared decision (Mallon et al. 2001; 
Seeley and Visscher 2004a) or a equally shared democratic decision (Prins 1996). 
Shared decisions are suggested to be less costly to the group as a whole because they 
tend to benefit the majority or all group members, and are predicted to arise in 
homogeneous groups where individuals share similar time-budgets (Conradt and 
Roper 2003). Most socially complex groups (that is, groups with a dominance 
hierarchy and mixed-sex and age distributions), however, are heterogeneous in 
composition and knowledge, and time budgets and foraging schedules are likely to 
differ greatly between individuals. If the difference in information, requirements and 
benefits are high, and the cost of defecting for other group members is greater than 
that of synchronising movement, then an unshared decision-making system may arise 
(Conradt and Roper 2003). For example, when one individual has a greater knowledge 
of the territory from age-driven experiences (e. g. dominant green woodhoopoes 
Phoeniculus purpureus (Radford 2004a)), or higher energy requirements (e. g. 
lactating dominant female meerkats Suricata suricatta (Turbo 2006)), a despot may 
emerge. 
It is likely that communication mechanisms will be in place to facilitate movement 
and maintain group cohesion (Bradbury and Vehrenkamp 1998), regardless of the 
decision-making process. For example, information transfer to other group members 
about an intention to move can facilitate a voting system (Poole et al. 1988; Stewart 
and Harcourt 1994; Boinski and Campbell 1995) or signal the quorum necessary for 
movement (Pratt et al. 2002; Seeley and Visscher 2004b; Bousquet 2010). When 
decisions are unshared, it may be cost effective to send and receive information about 
the leader, such as their dominance status or individual identity. This is because 
following the `wrong' individual could be an energetically costly mistake if the 
remainder of the group do not follow as well. Although various species have been 
described to vocalise when leading (Poole et al. 1988; Stewart and Harcourt 1994; 
Boinski and Campbell 1995; Radford 2004a; Furrer 2009; Bousquet 2010), to the best 
of my knowledge, vocal recognition has never been shown specifically in acoustics 
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made in the context of moving, although it is common in various other contexts 
(Aubin and Jouventin 2002; McComb et al. 2003; Sharp et al. 2005). 
Pied babblers are highly vocal, cooperatively breeding birds that maintain permanent 
year-round territories. Groups exhibit high reproductive skew, with the dominant pair 
accounting for ca. 95% of the parentage in the group (Nelson-Flower 2010), and 
therefore incentives and requirements are unlikely to be equally shared in the group. 
Despite this heterogeneity, group members remain together throughout the day, 
foraging and moving around their territory as a cohesive unit. Birds typically forage in 
open patches, often under trees, and regularly move between disconnected patches by 
flying short distances. Moving is therefore a very conspicuous behaviour and so is 
easily observed and recorded. Pied babblers spend 95% of their time foraging on the 
ground digging in the substrate for prey (Ridley and Raihani 2007a), often with their 
head in a hole (Radford and Ridley 2007). Hence, vocalisations are frequently used to 
communicate and to obtain information in a variety of contexts (Radford and Ridley 
2006,2007; Hollen et al. 2008; Radford and Ridley 2008; Radford et al. 2009), and 
leading birds often vocalise during movement events. 
In this chapter, I investigate patterns in the movement of pied babbler groups around 
their territory to explore the mechanisms that keep the group together as a cohesive 
unit. I begin by asking which individuals initiate moving behaviour. I then consider 
which group members are more likely to be followed. Finally, I examine whether 
information about the dominance status of the leading bird is provided in the calls 
made whilst moving off. 
4.3. Methods 
4.3.1. Study site and population 
Data were collected from 17 habituated groups of pied babblers on the Kuruman River 
Reserve in the southern Kalahari Desert, South Africa (26°58'S, 21°49'E) between 
November 2006 and August 2009. The habitat consists of semi-arid acacia savannah 
with an average rainfall of 217 mm (for a detailed description of climate and 
vegetation see Clutton-Brock et al. (1999) and Raihani and Ridley (2007a)). 
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Pied babblers are medium-sized passerines (75-95 g) that live in cooperative groups. 
Group size during this study period ranged between 2 and 11 individuals (mean ± SD: 
4.8 ± 1.6 adults per group). Groups include a dominant breeding pair, which are 
clearly identifiable by copulation behaviour, extended preening with each other and 
incubation periods, and greater efforts in nest building (Nelson-Flower 2010), in 
addition to agonistic interactions towards other group members (Ridley and Raihani 
2008); all other adult (>365 days) group members are termed subordinates. Groups 
were habituated to human presence at <3 m, and each bird was individually 
recognisable by a unique colour-ring combination. Sex determination was performed 
in the laboratory using DNA from blood samples taken whilst trapping (see Radford 
and Ridley (2008) for details of trapping, and Griffiths et al. (1998) for details of 
molecular sexing). 
Pied babblers commonly give one of two call types when leading off: a chuck call 
repeated at short intervals (hereafter "repeated chuck") or a rolling purr call (hereafter 
"purr") (see Figure 4.1). The purr call referred to in this chapter is similar in structure 
and may be an extension of the teach/recruitment purr call which is given initially 
when feeding nestlings, then to instigate fledgling movement (Raihani and Ridley 
2007a), and later to recruit nutritionally independent fledglings to food (Radford and 
Ridley 2006). 















Figure 4.1. Spectrogram and waveform of calls given when moving off. 
Examples of a) a repeated chuck call and b) a rolling purr call given by pied babblers when 
moving away from the group. 
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4.3.2. Data collection and analysis 
4.3.2.1. Behavioural observations 
Data were collected during morning (for approximately 3-4 h after dawn) and 
afternoon (for approximately 2h before sunset) observation sessions. In the morning, 
groups were joined at the roost tree by the observer, the roost's exact location having 
been identified at the end of the previous evening session. Groups were found in the 
afternoon by searching the known territory, looking and listening for the distinctive 
flight patterns and calls of babblers, in addition to using the whistle (see Chapter 2). 
When moving around the territory foraging, one bird typically leads the group to a 
new patch. Each of these leads was termed a `move event' if the movement was >5 m 
and/or the leading bird flew to the new location. When a leading bird moved off, there 
were two ultimate outcomes: the lead was successful and all birds eventually 
followed, or the lead was unsuccessful and the lead bird returned; movements whilst 
foraging do not result in long-term group splits. Within successful leads, group 
members either followed immediately (<30 s), or they stayed foraging and followed 
later. Observations were made whilst walking 3-5 m from a group and all move events 
were recorded by critical incident sampling (Altmann 1974). For every observed move 
event, the identity of the lead individual, its behaviour before moving (foraging or on 
a raised perch), any vocalisation it made (repeated chuck, purr or none), and the 
distance it led, were recorded. I also noted whether the move was successful, and the 
identity of the individuals that followed or stayed in the 30 s after the initial lead. A 
`follow' response was defined as a bird interrupting foraging and flying in the 
direction of the lead bird. 
The likelihood of observing one class of individual (i. e. male/female or 
dominant/subordinate) was considered no greater than any other because of the visual 
similarity in size and colour of all bird classes in pied babblers, thus reducing the 
chance of bias in observations recorded as discussed in Chalmers (1968). Moreover, 
move events are such conspicuous behaviours that it is hard to miss one, therefore 
reducing any additional potential bias in recording some events more than others. 
Behaviours were recorded using a handheld Palm TX computer (2009 Palm Inc. ) on a 
programme written through Pendragon Forms (2002-2007 Pendragon Software 
Corporation). Move events involving the same individual were considered 
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independent if at least 10 min had elapsed between them. This provided a database of 
653 unique move events initiated by 79 different individuals across 17 groups. 
To investigate whether dominant individuals initiated moves most frequently, a paired 
t-test was used to compare the mean proportion of moves initiated by dominants in 
each group with the expected proportion of leads given the average group size and 
dominant: subordinate ratio in that group. The mean proportion of moves was 
calculated from a daily proportion of dominant leads per data session taking into 
account group size on each day. 
I then investigated factors that may affect whether a leading bird was followed using 
generalised linear mixed models (GLMMs) that can control for multiple moves by the 
same individuals, within groups and in each data session. I fitted GLMMs with 
binomial error distributions and logit link functions for all models, to explore the 
factors that affect a) whether the lead is successful (whole group followed), b) the 
proportion of the group that immediately (within 30 s) followed a successful leader, 
and c) when an individual calls when leading off. I tested a series of models 
representing biological hypotheses and used Akaike's information criterion (AIC) to 
select the minimal model: that with the lowest deviance and best fit to the data. AIC = 
-2 log (log-likelihood) + 2K, where K= the number of estimable parameters (Akaike 
1974). Lower AIC values indicate a better fit, but changes of <2 were considered to 
have equal weighting (Burnham and Anderson 2004), and in such cases the model 
with the fewest parameters was selected as the minimal model in accordance with the 
laws of parsimony. Our model set included the minimal model, and all alternative 
hypothesise including all original terms and the removal of all selected terms, and the 
basic model, with only the intercept and random terms to validate the minimal model. 
The Akaike weight, w; = exp (-A1 / 2) /j exp(-Ar /2), was calculated for this model 
set to show the weighting of importance between each model. Group identity, leader 
identity and date were included as random factors, unless they contributed zero 
variance or inflated the model AIC by >2. 
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4.3.2.2. Acoustic structure and discrimination 
i) Acoustic discrimination experiment 
Playback experiments were performed to assess whether pied babblers show any 
discrimination between the dominance status (subordinate and dominant) of the caller, 
given the call type (repeated chuck and purr). The repeated chuck calls of 11 dominant 
and 11 subordinate birds, and the rolling purr calls of eight dominant and nine 
subordinate birds, were collected from recordings during natural observations and 
played back to a foraging subordinate individual from the same group. Sample 
numbers were unbalanced due to the restricted availability of high quality calls 
suitable for playback, and the availability of same-group adult subordinates. As over 
50% of natural lead calls recorded were given by birds that had been vigilant on a 
raised perch just prior to movement, calls were played back when the bird from which 
the playback was recorded was performing such behaviour. A speaker (Creative 
TravelSound 200,1998 - 2004 Creative Technology Ltd. Frequency response 150 Hz 
- 20 kHz) was attached to the shoulder of the observer who stood between the 
playback bird and the target focal bird to control for the possibility of any awareness 
of the location of other group members formed from interactions prior to the playback. 
Playbacks were normalised to same levels using AVISOFT-SAS Lab Pro 4.52 (R. 
Specht, Berlin, Germany) and played back on a Palm Tx (2009 Palm Inc. ) with 
broadcast volume standardised to natural call levels. Call duration and the number of 
elements were not manipulated and so were unequal between treatments, but reflected 
the natural differences within call types. Treatments were performed in a randomised 
order to target individuals at minimum intervals of 30 min. 
The response to the playback was recorded on a handheld Panasonic Leica Dicomar 
NV-GS300 (2010 Panasonic UK Ltd. ) video camera, and analysed using Windows 
Movie Maker 5.1 (Microsoft Corporation). Video playback of 13 frames per second 
allowed sensitive time measurements of behaviours, and the video-audio viewer 
allowed a precise measure of the start of the playback. The time the focal bird took to 
respond to the playback (response latency) and the time to return to foraging (time 
with the speaker) were determined. A `response' was considered to have occurred 
when the head was lifted above the horizontal (90° from the ground), and the bird was 
considered to have returned to foraging when its head was dipped back below the 
horizontal. 
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Linear mixed models (LMMs) with normal error distributions were used to test 
whether call type or dominance status of the individual played back were good 
predictors of the response latency or the time spent with the speaker. Mixed-effects 
analysis allowed the inclusion of repeated measures from the same groups and 
playbacks to the same individuals. The minimal model was selected using AIC as 
described above. 
ii) Call structure analysis 
Recordings of the vocalisations of leading birds were made ad libitum at distances of 
3-20 m using a Sennheiser ME66 short gun directional microphone, frequency 
response, frequency response 40 Hz - 20 kHz ± 2.5dB, with a K6 power module 
(2004 Sennheiser). Recordings were digitally transformed through a Marantz 
PMD660 solid-state recorder (2008 D&M Holdings Inc. ) frequency response 20 Hz - 
16 kHz (-0.5dB tolerance), at a sample rate of 48 kHz, 32-bit, and stored directly onto 
a Compact Flash media card in WAVE file format. Digital recordings were viewed 
and measured in AVISOFT-SAS Lab Pro 4.52 (R. Specht, Berlin, Germany) after a 
fast Fourier transformation of 1024-point, frame size 100%, 96.87% overlap, in a 
Hamming window. 
To determine whether calls given in the context of moving contained status-specific 
elements, I extracted chuck calls (range 2-9 per individual) from 14 dominant and 14 
subordinate individuals, and purr calls (range 7-35 per individual) from eight 
dominant and eight subordinate individuals. The numbers of males and females in 
each category were balanced. To investigate variability between dominant and 
subordinate calls, seven acoustic parameters were determined from each element of a 
call: temporal measures of element duration, inter-element interval and the distance to 
the point of maximum amplitude from the start; and spectrum-based measures of 
bandwidth, entropy, peak and fundamental frequency, at the point of maximum 
amplitude. These parameters were chosen as likely candidates to vary between calls, 
as observed by eye. A permutation-based discriminant function analysis (pDFA) 
designed by Mundry and Sommer (2007) was used to allow for the analysis of a two- 
factorial data set, with `individual' being nested within `dominance status'. The 
number of predictor variables (parameters) was reduced, so that it was smaller than 
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the number of objects in the smallest class (see Mundry and Sommer (2007)). For 
example, in the chuck-call analysis, there were seven individuals of a given sex in 
each dominance class, so six predictor variables were used; separate analyses were 
conducted on males and females to control for any potential intersexual differences. 
Variables with a Spearman's correlation score of >0.7 were separated and the one 
showing best fit to a normal distribution and homogony of variance was chosen. 
4.4. Results 
4.4.1. Behaviour observations 
Dominant pied babbler group members were significantly more likely to initiate 
















Figure 4.2. Leads by dominant individuals. 
Mean and paired differences for the observed proportion of leads made by dominant individuals 
and the expected proportion given the group size and dominant: subordinate ratio. Lines 
represent different groups N=16. 
The likelihood of a successful lead (that the whole group followed a leader) is affected 
by the leading bird's dominance status, the distance flown and group size (Table 4.1). 
The relative importance of leader status is shown by its removal (model 5c, Table 
4.1), and the subsequent inflation of AIC and tiny Akaike weighting. 
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Table 4.1. GLMMs exploring factors affecting successful leading. 
Generalised linear mixed models (GLMM) exploring the factors that are likely to affect when the 
whole group follow (1) or stay (0). Total number of observations=652. Group identity (n=17), date 
(n=149) and leader identity (n=79) were fitted as random terms. Model lc fits the data best with 
the fewest explanatory parameters. 
LEADER STATUS Subordinate - 0.8695 
1c + GROUP SIZE 0.0133 864.6 7 0.4 0.315 
+ DISTANCE - 0.1595 
Alternative models 
Minimal model plus following terms 
2c + SEX - 865.4 8 1.2 0.211 
3c + CALL TYPE 
N e 41 864.2 9 0.0 0.386 
on 15 -0. 
Minimal model minus following terms 
4c - DISTANCE - 867.6 6 3.4 0.070 
5c - LEADER STATUS - 882.3 6 18.1 4.51 e-05 
6c - GROUP SIZE - 870.2 6 6.0 0.019 
Subordinate leaders were less likely to be followed by the whole group than were 
dominant leaders; the greater the distance flown, the higher the likelihood that all 
other group members followed; and leaders in larger groups were less likely to be 
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Figure 4.3. Effect of dominance, distance and group size on leading success. 
Predicted likelihood (from model 1c, Table 4.1) of a dominant or subordinate individual initiating 
a successful lead (with all group members following) given a) the distance led and b) group size. 
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The proportion of the group that immediately followed a leading bird was affected by 
two interaction terms: that between leader status (dominant or subordinate) and call 
type (repeated chuck, purr or none) given, and that between the distance flown and 
call type (Table 4.2; Figure 4.4). The relative importance of the distance and call type 
interaction is shown by the inflation of AIC and tiny Akaike weighting when it is 
removed (see 4a, Table 4.2). 
Table 4.2. GLMMs exploring factors affecting proportion of group that follow. 
Generalised linear mixed models (GLMM) exploring the factors that are likely to affect the 
proportion of a group immediately following a leading bird. Total number of observations=653. 
Leader identity (n=79) and date (n=149) were included as random terms; group identity 
accounted for zero variance. Model Ia fits the data best with the fewest explanatory parameters. 
Model Description Estimate AIC k 
Basic - 1664 3 43 3.11 e-10 
1a LEADER STATUS Dominant 0.504 
None 0.637 
+ CALL TYPE Purr -1.332 
+ DISTANCE 0.030 1621 11 0 0.675 
+ LEADER STATUS*CALL TYPE 
Dom*none -0.212 
Dom purr 1.276 
+ CALL TYPE*DISTANCE 
Dist *none -0.040 
Dist*purr -0.007 
Alternative models 
Minimal model plus following terms 
2a + LEADER SEX - 1623 12 2 0.248 
Minimal model minus following terms 
3a 
- LEADER STATUS * CALL TYPE - 
1626 9 5 0.055 
4a 
- CALL TYPE * DISTANCE - 
1637 9 16 2.26 e-04 
5a 
- LEADER STATUS (and interactions) - 
1628 8 7 0.020 
6a 
- CALL TYPE (and interactions) - 
1650 5 29 3.41 e-07 
7a 
- DISTANCE (and interactions) - 
1649 8 28 5.62 e-07 
A higher proportion of the group were likely to follow a leading bird immediately if it 
flew a long distance and gave either purr or repeated chuck calls compared to one that 
did not call when leading a long distance; this effect of calling appeared to be less 
important at short distances (Figure 4.4). For dominant leading individuals, the call 
type given was unlikely to affect following behaviour, whereas a smaller proportion of 
the group were likely to follow subordinate leaders giving a purr call than those giving 
repeated chuck calls (Figure 4.4). 
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Figure 4.4. Effect of dominance, distance and group size on proportion of group that follow. 
Predicted proportion (from model la, Table 4.2) of the group that immediately follow a) 
dominant or b) subordinate leading birds. 
The best predictor of whether a leader called when moving away from the group was 
an interaction between leader status and the distance flown (Table 4.3), and including 
leader sex did not improve the model fit. The model predicts subordinate birds are 
more likely to call when they moved further compared to when they led short 
distances (Figure 4.5), suggesting that if a subordinate bird intended to fly a long way, 
then it called. 
Table 4.3. GLMMs exploring factors affecting calling whilst moving off. 
Generalised linear mixed models (GLMM) exploring the factors that are likely to affect whether 
a lead bird calls (1) or not (0). Total number of observation=532. Group identity (n=17) and date 
(n=127) were fitted as random terms; leader identity was removed as it accounted for zero 
variance. Model la fits the data best with the fewest explanatory parameters. 
lb LEADER STATUS Subordinate -1.421 
+ DISTANCE 0.006 561.6 6 0.0 0.552 
+ LEADER STATUS *DISTANCE Sub * dist 0.091 
models 
2b + LEADER SEX - 562.2 
17 10.6 10.409 
3b -LEADER STATUS 
4b 
- DISTANCE 
5b - LEADER STATUS *DISTANCE 
- 568.2 4 6.6 0.020 
- 572 4 
14.0.003 
- 570.1 5 8.5 0.008 
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Figure 4.5. Effect of dominance and distance led on calling when moving off. 
Predicted likelihood (from model lb, Table 4.3) of an individual giving a call as they lead off. 
4.4.2. Acoustic structure and discrimination 
In a playback experiment, neither call type nor dominance status of the caller affected 
the latency of other group members to respond (Table 4.4). However, the dominance 
status of the caller and call type did have an effect on the time to return to foraging 
(Table 4.4). The focal individual was more likely to respond for longer when a purr 
call was played back from a dominant bird than a subordinate, but this was not the 
case for the repeated chuck call (Figure 4.6). 
Despite this difference in behavioural response depending on the status of the caller, I 
found no evidence for status-specific structural differences in either type of lead call. 
My pDFA found no significant grouping by dominance status in the six parameters I 
measured in either chuck calls (male P=0.193 and female P=0.123) or purr calls (male 
P=0.250 and female P=0.739). 
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Table 4.4. GLMMs exploring factors affecting approach and return latency following leading call 
playback. 
General linear mixed models (GLMM) exploring the factors that are likely to affect the i) latency 
to approach and ii) the time to return to foraging following playback of leading calls. Group 
identity (n=8) and individual played back (n=30) were included as random terms. 
Model Description Estimate AICc kAI wý 
i) latency to approach 
1d Basic - 71.77 3 0.0 0.577 
Alternat ive models 
2d CALL TYPE - 75.69 4 3.92 0.081 
3d STATUS - 73.14 4 1.37 0.291 
4d STATUS + CALL TYPE - 77.13 5 5.36 0.040 
5d (STATUS + CALL TYPE)A2 - 79.63 6 7.86 0.011 
ii) time to return to foraging 
Basic - 263.50 3 17.25 
11.79 e-04 
STATUS Subordinate - 0.751 
le + CALL TYPE Purr 10.71 246.25 6 0.0 0.930 
+ STATUS* CALL TYPE Sub * Purr - 7.566 
Alternative models 
minimal model minus following terms 
2e - CALL TYPE - 260.58 4 14.33 T. 19 e-04 
3e - STATUS - 255.80 4 9.55 0.008 












Call type in playback experiment 
Figure 4.6. Factors affecting latency to return to foraging following lead call playbacks. 
Estimated means (from model le, Table 4.4) showing the predicted time taken for the group to 
return to foraging following playback of different call types from callers of different dominance 
status. 
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4.5. Discussion 
When pied babbler groups move around their territory foraging they do so in discrete 
`steps' from one patch to another. This behaviour was initiated significantly more 
often by dominant birds than by subordinates. This is consistent with previous results 
from Papio ursinus chacma baboons (King et al. 2008), mountain gorillas Gorilla 
beringei beringei (Schaller 1963) and green woodhoopoes (Radford 2004a), where 
dominant individuals also tend to lead movement. 
In pied babbler groups, the dominant pair are the primary breeders (producing ca. 95% 
of the chicks; Nelson-Flower (2010)), and therefore obtain the greatest direct fitness 
benefits. Such reproductive skew is likely to result in heterogeneity of nutritional 
requirements, as the costs of breeding are primarily incurred by the dominant pair. 
The energetic expenses of egg production (Nilsson and Raberg 2001; Vezina and 
Williams 2002) are obviously borne by the female, while nest building and incubation 
are primarily shared by both dominants in this species, with subordinates contributing 
little to these costly exercises (Nelson-Flower 2010). Dominant individuals may 
potentially initiate more moves, therefore, because they exhaust their own foraging 
patch faster or because they receive additional benefits from being the first to arrive at 
a new patch if it contains a single large resource (see King et al. (2008)). In addition to 
the potential skewed benefits of optimising nutritional gains through foraging, the 
dominant pair are also likely to have the highest incentives to defend and maintain 
their territory; again, due to the high reproductive skew, they have the most to lose 
(see Kitchen and Beecher (2007)). As in many group-living species (e. g. white- 
browed sparrow weavers Plocepasser mahali (Wingfield and Lewis 1993); coyotes 
Canis latrans (Gese and Ruff 1997); Ethiopian wolves C. simensis (Sillero-Zubiri and 
Macdonald 1998)), dominant pied babblers invest more than subordinates in signals 
(loud raucous choruses in this case) that are likely to function in territorial defence 
(Chapter 6). Hence, the dominant pair may acquire additional benefits from initiating 
movement, such as steering the group to allow them to cover more of the territory to 
enforce boundaries. 
Dominant pied babbler group members were also more likely to initiate a successful 
move, where the whole group followed. This pattern may reflect the low cost to a 
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subordinate of synchronising movements compared to defecting and losing the group. 
First, if separated from the group, individuals presumably forgo the benefits derived 
from being in a group, such as reduced predation risk (Clutton-Brock et al. 1999), 
with a subsequent increase in foraging time (Bertram 1980). In keeping with this 
prediction, Ridley et al. (2008) showed that solitary pied babblers, or rovers, were 
significantly lighter, suggesting that being alone carries at least nutritional costs. 
Second, pied babblers are predominantly insectivorous (Hockey et al. 2005), 
searching for prey item in the substrate layer (Ridley and Raihani 2007a), and these 
food items are generally equally spread in the substrate and rarely found in large 
caches (personal observation); moving to a new patch may therefore hold relatively 
low foraging costs once the current food item has been eaten. The patterns in leading 
and following I observed could simply be the best strategy for all individuals, with 
greater incentives and benefits to dominants from leading, and low synchronisation 
costs and high defection costs for subordinates. 
In pied babblers, it appears that calling by leading birds is an important factor 
affecting the proportion of the group that follow immediately, and this pattern 
increases with the distance led. Calls made in the context of coordinating group 
movement are fairly common (Poole et al. 1988; Stewart and Harcourt 1994; Boinski 
and Campbell 1995; Radford 2004a; Furrer 2009; Bousquet 2010), especially when 
foragers are spread out or hidden by vegetation; calling can signal both an intention to 
move and the directionality of movement, and so is likely to facilitate group cohesion 
in such environments (Bradbury and Vehrenkamp 1998). Given the evidence that 
dominant individuals are followed more often, calls might be expected to provide 
some information about the dominance status of the leading bird. While I found no 
evidence from our acoustic analyses to suggest a dominance signature exists in calls 
used by pied babblers whilst moving, group members did return to foraging more 
quickly following the playback of a subordinate purr call than one from a dominant 
individual. This experimental effect corresponds with the interaction between 
dominance status and call type found from behavioural observations, where fewer 
group members followed subordinate leaders giving purr calls than dominants doing 
the same. 
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There are several possible explanations for the lack of a significant difference between 
dominant and subordinate calls in my acoustic analysis. First, it is possible that my 
measures were insufficiently detailed or lacked the correct parameter(s) to detect 
status differences that were present in the calls, or that my small (but maximum) 
sample size did not capture a true representation of the actual variation. Second, 
babbler calls may be individually distinctive rather than containing class-level 
information; group members may recognise and respond differentially to the calls of 
different individuals (as seen in the alarm calls of some species (Cheney and Seyfarth 
1988; Sproul et al. 2006)). If this were the case, the results I obtained could be easily 
explained, without the need for a global dominance signature. 
Calling appears to be particularly important for subordinates that are moving over 
greater distances. If calling does encourage the group to follow, calling could 
therefore be a strategy employed by subordinate birds looking to recruit followers 
when intending to lead greater distances. In addition to foraging-based decisions, 
individuals that initiate moves over a great distance across the territory could have 
alternative incentives. Prior to dispersal, babblers have been observed to lead groups 
in the direction of their future dispersal route (personal observation), but such events 
are rare, having only been recorded on three occasions. In meerkats, larger 
prospecting coalitions are more likely to found new groups and large relative 
coalitions have more success at take-overs of established groups (Young 2003). It 
could therefore be argued that subordinates looking to go prospecting have an inflated 
incentive to initiate movement, both to keep the group with them for as long as 
possible before leaving and to recruit other individuals to join them, potentially 
inflating their own chances of success. 
Finally, I found that successfully recruiting all other group members to follow is less 
likely in larger groups compared to in smaller groups, indicating the potential 
difficulties in coordinating large groups. This may be an additional cost of increased 
group size, along with the more commonly described factors such as increased 
resource competition (Brown 1982) and higher ectoparasite loads (Alexander 1974). 
Additionally, the distance moved by a leading bird was a common significant factor in 
all my models; where calling and moving a greater distance increased the proportion 
of the group to follow, where subordinates moving a great distance were more likely 
67 
Group coordination and cohesion 4 
to call, and finally influencing whether the whole group followed. This also illustrates 
the high costs of losing the group, which may increase if an individual moves outside 
visual and vocal range, and when it may be safer to follow. 
My results demonstrate that, in pied babblers, dominant individuals are more likely to 
lead movement around the territory during foraging. Such a situation might arise if 
decision-making is despotic and movements are the result of unshared decisions. 
However, I cannot exclude the possibility that prior voting has occurred and that the 
dominant individuals collate these votes, and decisions may be partially or equally 
shared among group members (Prins 1996; Mallon et al. 2001; Seeley and Visscher 
2004a). Exploring any possible signals or interactions within the group before they 
leave would be an interesting extension to this work. The pattern of moving and 
following in pied babblers I observed is likely to be the most stable strategy for all 
group members, given the high levels of reproductive skew and varying incentives. 
Dominant individuals are likely to have the highest incentives to patrol their territory 
and find new foraging patches, whereas the potential benefits to subordinates of 
moving may be outweighed by the high potential costs of being alone. If this were the 
case, then signals need not carry information about status and this may explain why 
factors such as calling and the distance led are alone common predictors of following. 
Although the data show that leading movements are most commonly performed by 
dominant birds, they also suggest that the opportunity exists for subordinates with 
high incentives, such as potential dispersers, to initiate successful leads as well 
well 
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CHAPTER 5 
LOUD CALLING: CALL CLASSIFICATION, CONTEXT 
AND SEX SPECIFICITY 
Photo by Nichola Raihani 
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5.1. Abstract 
The use of subtly different, acoustically distinct vocalisations in different social 
situations is widespread among animal taxa. When calls are structurally discrete, they 
are likely to signal different information to recipient(s), and patterns in when they are 
given, under what social contexts and by whom they are given can provide clues as to 
whether an adaptive function has shaped these distinct calls. Pied babblers give a 
variety of loud calls, in what appear to be several different contexts, and use these 
calls both when calling alone and in combined choruses with other group members. In 
this chapter, I classify the different types of loud calls given by pied babblers and 
explore any patterns in their usage, with respect to the sex and dominance status of 
callers, whether an individual calls alone or as part of a chorus, and the social context. 
Pied babblers produce eight distinct loud call types used in various contexts. Certain 
calls (types II, III and IV) were sex-specific, of which the female call type II and male 
call type III were significantly more likely to be used in inter-group contexts than 
intra-group contexts. Additionally, calls types V, VI and VII were used significantly 
more by the dominant male of the group. Four call types (I, II, III and IV) were 
significantly more common during choruses and four types (V, VI, VII and LX) 
significantly more common as solos. I discuss the possible functions and implications 
of these different calling patterns in this species. 
5.2. Introduction 
In many animal species, individuals produce a whole repertoire of vocalisations (see, 
for example, reviews on primates (McComb and Semple 2005) and oscine birds 
(Devoogd et al. 1993)). One reason that a diverse set of vocalisations have evolved in 
the same species is that they are used in a range of different contexts. For instance, 
many birds use intricate songs to attract mates and/or defend territories (Catchpole and 
Slater 1995), while numerous species from different taxa use unique calls to signal, 
for example, the location of food (e. g. toque macaques Macaca sinica (Dittus 1984), 
house sparrows (Elgar 1986), domestic chickens (Marler et al. 1986)), the presence of 
predators (e. g. meerkats (Manser 2001); vervet monkeys Chlorocebus pygerythrus 
(Seyfarth et al. 1980b); yellow-bellied marmots Marmotaflaviventris (Blumstein and 
Armitage 1997a)), their current nutritional state (e. g. great tits Parus major 
(Bengtsson and Ryden 1983); tree swallows Tachycineta bicolor (Leonard and Horn 
71 
Loud calls 5 
1996)), and their imminent departure from the area (e. g. green woodhoopoes (Radford 
2004a); white-faced capuchins Cebus capucinus (Boinski and Campbell 1995); 
mountain gorillas Gorilla beringei beringei (Stewart and Harcourt 1994)). Further 
expansion of the vocal repertoire may arise if several calls have evolved within the 
same context, to convey additional information. For example, meerkats give a variety 
of discrete alarm calls signalling the presence of different predator classes, and these 
signals provide information to conspecifics about the most appropriate response 
(Manser et al. 2001). Similarly, the structurally variable scream calls given by juvenile 
rhesus macaques during aggressive interactions provide relevant information to the 
mother about the particular class of opponent and level of differential responses 
required (Gouzoules et al. 1984). 
In addition to variation between call types, there are a number of reasons why there 
may be variation within the same call type. First, a particular call may be graded 
depending on the particular circumstances. For example, patterns in call structure 
within trill alarm calls of white-browed scrubwrens Sericornisfrontalis convey 
information about the level of urgency perceived by the signaller (Leavesley and 
Magrath 2005). Second, some calls may be given only by certain individuals in the 
population. For example, calls that are commonly observed between mother and infant 
dyads are not usually given by males (e. g. grunt and girney vocalizations in rhesus 
macaques (Whitham et al. 2007)). Likewise, some calls that have an important mating 
function are given exclusively by one sex (e. g. roaring by male red deer Cervus 
elaphus (McComb 1991); croaking by male frogs and toads (Gerhardt 1994)). Third, 
all individuals may sometimes give a particular call, but its frequency of use may 
differ. For example, when calls are used to signal size or competitive strength, they 
are likely to be given at higher rates by higher ranking individuals (e. g. chacma 
baboon wahoo calls (Kitchen et al. 2003)). 
In many group-living species, individuals may not only give calls alone, but also in 
combination with others to form choruses (e. g. green woodhoopoes (Radford 2003); 
woodquail Odontophorus leucolaemus (Hale 2006); lions Panthera leo (McComb et 
al. 1994), wolves Canis lupus (Harrington and Mech 1979)). This is particularly true 
of loud calls, for which a variety of functions have been suggested depending on the 
identity of the caller(s) and the contexts in which the calls are given. Loud calls may, 
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for example, serve to keep in contact with group mates (East and Hofer 1991b; Mitani 
and Nishida 1993; Grinnell and McComb 1996), or to mediate inter-group spacing 
(Marler 1972; Chivers 1975; Robinson 1979; Mitani 1985). They may function in 
resource defence (Harrington and Mech 1979; Reyer and Schimdl 1988; Wingfield 
and Lewis 1993; McComb et al. 1994; Baker 2004; Hale 2006), or serve to maintain 
social bonds (Brown et al. 1988) or mediate social hierarchies (Reyer and Schimdl 
1988). Both solo and combined calls can exhibit sex differences, especially when they 
serve to repel same-sex opponents (Sekulic 1982; Grinnell and McComb 2001), play a 
role in mate guarding (Stokes and Williams 1968; Levin 1996b) or advertise the 
presence of a mated pair (Langmore 1998; Appleby et al. 1999). Discrete call types 
that arise in choruses could also potentially provide additional information, as 
described for meerkat alarm calling and rhesus macaque scream calling above, and 
patterns in which individuals call and when could provide essential information to 
indicate the function of discrete call types in loud calling behaviour. However, apart 
from sex differences, discrete call types have rarely been described in loud calling 
behaviour. 
Pied babblers are group-living birds that give, among a variety of vocalisations, a 
number of distinct loud call types which are often combined into raucous vocal 
displays. These choruses involve the group converging together either in a tree or on 
the ground, and each individual repeats a single call type in a bout, over and over in a 
stereotyped fashion. Birds can switch to a different call type within a chorus, but 
typically perform one, sometimes two and rarely three, bouts within a chorus. Loud 
calls are, by definition, much louder than the other social calls used in the pied babbler 
repertoire, such as chuck calls (described in Radford and Ridley (2008)), sentinel calls 
(described in Hollen et al. (2008)) and calls used whilst moving (see Chapter 4). Loud 
calls are given in a number of intra-group contexts (e. g. when moving around the 
territory or when perched alone on a sentinel post) and when interacting with both 
neighbouring groups and rovers (inter-group contexts). 
In this chapter, I present the first classification of the different loud calls used by pied 
babblers and explore the patterns of their usage. In particular, I investigate whether all 
loud call types are given by all group members of different sex and status, which loud 
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calls are given by single birds and which are combined in choruses, and in what 
contexts different loud calls are used. 
5.3. Methods 
5.3.1. Study site and population 
I collected data from nine habituated pied babbler groups on the Kuruman River 
Reserve, South Africa (26°58'S, 21°49'E) between December 2006 and August 2009. 
The study site consists of semi-arid Kalahari scrubland with a strong seasonal trend in 
rainfall (for a detailed description of vegetation and climate see Clutton-Brock et al. 
(1999) and Ridley and Raihani (2007a)). 
Pied babblers live in stable, cooperatively breeding groups, consisting of a dominant 
breeding pair, who are the parents of ca. 95% of the offspring (Nelson-Flower 2010), 
and sexually mature subordinate helpers. The dominant pair are identifiable by 
agonistic interactions towards other group members, extended preening together, and 
investment in incubation and nest building (Ridley and Raihani 2008). Subordinates 
are identified by submissive responses, including bill-gaping, crouching, looking away 
and fleeing (Raihani 2008). Group size in the study period ranged from 2-13 (mean f 
SD: 6.1 ± 2.6) adults (individuals >365 days old). Groups defend year-round 
territories and move around these as a tight unit throughout the day. Groups were 
habituated to human presence at <3 m and all birds were individually colour-ringed 
for identification (see Radford and Ridley (2008) for details). This enabled clear 
observations of which bird(s) were calling and close-proximity audio recordings. 
Birds were sexed using DNA from blood collected when ringing (see Radford and 
Ridley 2008 for capture details) using the technique described in Griffiths et al. 
(1998). 
5.3.2. Data collection 
Groups were visited approximately three times a week. The loud calls of marked 
individuals were recorded ad libitum using a Sennheiser ME66 short gun microphone, 
frequency response 40 Hz - 20 kHz ± 2.5dB, with a K6 power module (2004 
Sennheiser). Calls were digitally transformed through a Marantz PMD660 solid-state 
recorder (2008 D&M Holdings Inc. ), frequency response 20 Hz -16 kHz (-0.5dB 
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tolerance), at a sample rate of 48 kHz, 32-bit, and stored directly onto a Compact 
Flash media card in WAVE file format. The identity of the caller(s) and the intra- 
group or inter-group context in which they were calling (see Table 5.1) was spoken 
into the microphone after the bout had finished. After a chorus, any information on the 
identity of birds recorded calling alone, either at the start or the end or due to a break 
in participation of others, was mentioned to enable the isolation of individuals and 
their calls within a chorus. This provided a database of 324 calling occasions from 107 
days, from which information on 617 individual bouts were extracted from 50 adults 
(14 dominant females (DF), 13 dominant males (DM), 14 subordinate females (SF) 
and nine subordinate males (SM)). 
5.3.2.1. Call classification 
Acoustic parameters of each call were measured by hand using AVISOFT-SAS Lab 
Pro 4.52 (R. Specht, Berlin, Germany) with a fast Fourier transformation of 1024- 
point, 100% frame size, 96.87% overlap, viewed in a Hamming window. The 
parameters extracted from each sonogram were: call duration; inter-call interval; 
distance from the start of the call to the point of maximum amplitude; the number of 
visible harmonic bars below 5 kHz; the frequency gap between harmonic one and two, 
and between harmonic two and three; and the frequency on the first harmonic bar at 
the start, maximum frequency point (hereafter, peak IHar) and end point. Entropy was 
also measured across the whole call at four equally spaced intervals to determine call 
linearity. The time between the start and the peaklHar, and the relative location of the 
peaklHar (i. e. 0.5 would be exactly in the middle), were then calculated. The 
frequency difference between the start and end point, the peaklHar and start, and the 
peak IHar and end were also calculated. The measured and calculated parameters were 
targeted specifically to describe the rise or fall of the calls, their harmonic structure 
and the symmetry of the peak. 
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Figure 5.1. Spectrograms and waveforms of nine loud-call types. 
Loud calls produced by pied babblers as solos and during choruses. Call type I: high purr. Call 
type II: noisy atonal shout. Call type III: 3n modulated call; contains three descending sub- 
elements. Call type IV: 2n modulated call; contains two ascending sub-elements. Call type V: v- 
shaped chatter; a distinct upside-down v shape. Call type VI: extended v-shaped chatter; an 
extended end to a softer v shape. Call type VII: double note ascending call; the first note is highly 
variable, but the second has a consistent rise and dip at the end. Call type Vill: tonal chatter; 
clear harmonic. Call type IX: atonal chatter; high noise and no harmonic structure. 
76 
Loud calls 5 
Calls were initially classified into 10 types by eye (see Figure 5.1). Call types 
appeared to differ considerably in duration, so a Kruskal Wallis test was performed 
and calls were then grouped according to call duration. Multivariate analyses were 
then performed on the two resulting groups of call types. To test my initial eye-based 
classification, I used discriminant function analysis (DFA), having first used a 
principal components (PCs) correlation matrix to condense the information from the 
multiple parameters measured on each call. All PCs with eigenvalues >1 were 
included in the DFA. In many cases, there was only one call of a particular type from 
a given individual that had excellent audio quality (low noise-to-call ratio and with no 
overlap with the calling of other individuals), so a one-factorial design was necessary. 
Where multiple calls per individual were available, the call used was selected at 
random from only excellent recordings. Sample sizes were as follows: call type I, 
N=11; type II, N=8; type III, N=7; type IV, N=7; type V, N=10; type VI, N=10; type 
VII, N=10; type VIII, N=15 and type IX, N=10. 
5.3.2.2. Call type and individual contributions 
I explored patterns in the use of different call types by the different sex and 
dominance categories (DF, DM, SF, DM) using only call types with excellent 
(>=80%) DFA cross-validated classification to the groups I assigned by eye. Call 
types can often be easily identified in overlapping bouts by their shape and sound, but 
this became harder to do the greater the number of birds (->4) calling together, and so 
as a consequence there is a smaller sample of large group choruses. Chi-squared tests, 
with Yates corrections when counts were <5, were used to look for differences 
between the observed use of different call types and that expected by chance, given 
the available population and assuming equal use of the call types by all individuals. 
Expected values were calculated from the total number of individuals in each social 
category present across all groups at the times when recordings were made: DF=15, 
DM=17, SF=46, SM=28. 
5.3.2.3. Call type and context relationships 
To investigate if there were any contextual patterns in the use of different call types, I 
collected data on the circumstances in which a call was given. First, I investigated the 
likelihood of a particular call type being used within a chorus (n=339) compared to 
being produced as a solo (n=270); a chorus was defined as more than one bird calling 
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at the same time. I then asked whether call types were given as part of a sequence, 
start or end sections, within a chorus or whether they given throughout the whole 
chorus. Finally, I investigated the use of call types in different intra- and inter-group 
contexts (see Table 5.1 for definitions). 
All call types that showed excellent (>=80%) cross-validated classification to the 
groups I assigned by eye were used for these analysis. Chi-squared tests were used to 
compare the observed distributions to that expected by chance given the number of 
occasions the particular behaviour/context was recorded, using Yates' continuity 
correction for all samples with less than 5. Contributions to the Chi-squared value are 
quoted when one or two categories alone contributed heavily. 
Table 5.1. Definitions of loud calling contexts. 
Definition of contexts in which loud calls were performed. Sample sizes are given in brackets. 
CONTEXT DESCRIPTION 
Grouý split When a group are split, leading in different directions or 
going to roost 




(87) When a group joins back together after a group split 
Sentinel When an individual is on a raised perch performing vigilant 
(94) behaviour 
Unknown No obvious reason; no other group present 
Other When another group are in the area INTER-GROUP 
(169) Rover When a rover (single or pair of non-group members) are in (40) the area 
5.3.3. Multiple testing 
Every call recorded was tested under several possible hypothesis, i) who made the 
call, i) was it a solo or chorus call, iii) where was it given if in a sequence, and iv) 
under what context. To control for this exploratory multiple testing on the same 
dataset of calls I used the Dunn-9idäk correction, ß=1- (1 - a)' 1", ß= new 
significance threshold, a=0.05 the significance threshold for the whole series of tests. 
Due to the exploratory nature of these analyses, tests where ranked by significance 
(most to least) and their significance threshold adjusted appropriately; test 1ß=0.05, 
test 2ß=0.0253, test 3ß=0.0170, test 4ß=0.0127, test 5ß=0.0102. Where 
appropriate the test number is reported by the significance predictor P in subscript. 
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5.4. Results 
5.4.1 Call classification 
Call types differed significantly in duration (Kruskal Wallis test: , 
lg=80.84, P<0.001). 
Type I was significantly shorter than all other call types, while the remainder clustered 
into two distinct groups: types II, III and IV (group 1) were significantly longer than 
the others; types V, VI, VII, VIII and IX (group 2) all had intermediate durations with 
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Figure 5.2. Box plot of loud call type durations. 
Box plot showing median and inter-quartile range for the duration of different call types. 
Number of individuals shown above bars. 
Calls classified by eye as types II, III and IV (group 1) showed excellent classification 
by DFA, with 100% of the original calls and 95.2% of cross-validated calls being 
assigned to the correct call type (Table 5.2). All three call types were therefore used 
for subsequent analyses. 
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Table 5.2. DFA classification of loud call types (II to IV). 
Percentage predicted group memberships from a DFA testing the classification of call types II, III 
and IV (group 1). 
CALL TYPE II 111 IV 
Original II 100.0 0.0 0.0 
III 0.0 100.0 0.0 
IV 0.0 0.0 100.0 
Cross-validated II 85.7 14.3 0.0 
III 0.0 100.0 0.0 
IV 0.0 0.0 100.0 
The first two discriminant function (DF) scores described 100% of the variation from 
the first seven principal components and were used in the analysis of the group 1 call 
types (Table 5.2); DF 1 describing 73.4% and DF2 describing 26.6% of the variation 
(see Figure 5.3). 
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Figure 5.3. Discriminant function plots of loud call types (II to IV). 
Discriminant function scores 1 and 2 describe 100% of the total variation between call types 11,11 
and IV (group 1). 
Calls classified by eye as types V, VI, VII, VIII and IX (group 2) also showed 
excellent classification by DFA, with 94.5% of the original calls and 83.6% of cross- 
validated calls being assigned to the correct call type (Table 5.3). Call types V, VI, 
VII and IX all had >=80% correctly cross-validated classification and were therefore 
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used in subsequent analyses; call type VIII had only 60% correctly cross-validated 
classification and was therefore not included in subsequent analysis. 
Table 5.3. DFA classification of loud call types (V to IX). 
Percentage predicted group memberships from a DFA testing the classification of call types V, 
VI, VII, VIII and IX (group 2). 
CALL TYPE V VI VII VIII IX 
Original V 100.0 0.0 0.0 0.0 0.0 
VI 0.0 100.0 0.0 0.0 0.0 
VII 0.0 0.0 100.0 0.0 0.0 
VIII 6.7 0.0 6.7 86.7 0.0 
IX 0.0 0.0 10.0 0.0 90.0 
Cross-validated V 80.0 0.0 0.0 20.0 0.0 
VI 0.0 100.0 0.0 0.0 0.0 
VII 0.0 0.0 100.0 0.0 0.0 
V7II 26.7 0.0 13.3 60.0 0.0 
IX 0.0 0.0 10.0 0.0 90.0 
The first four discriminant function (DF; ) scores described all of the variation from the 
first six principal components and were used in the analysis of the group 2 call types 
(Table 5.3); DF 1 describing 63.6%, DF2 describing 25.1 %, DF3 describing 8.4% and 
DF4 describing 3% of variation (see Figure 5.4). 
CALL TYPE 
V' V-shaped chatter 
* '%'I Extended v-shaped chatter 
o VII Double note ascending 
O VIII Tonal chatter 
IX Atonal chatter 
-4.00 -2.00 
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Figure 5.4. Discriminant function plots of loud call types (V to IX). 
Discriminant function scores 1 and 2 describe 88.7% of the total variation between call types V, 
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5.4.2. Call type and individual contributions 
Three calls types showed strict sex specificity: call type II was only ever recorded 
from females, and call types III and IV were only ever recorded from males (Figure 
5.5). Female-specific call type 11 was given significantly more than expected by 
dominant individuals and less than expected by subordinates (, Y, =17.19, P1<0.001, 
contributions to chi-squared value: XDF=12.96,, XsF=4.23). Likewise, male-specific call 
types III (, 2i=7.30, P3=0.007, XDM=4.54, XSM=2.76) and IV (X21= 12.62, P, <0.001, 
XDM=7.85, XsM=4.76) were given significantly more than expected by dominant 
individuals and less than expected by subordinates. 
Call types I, V, VI, VII, IX were on occasions given by both sexes, but showed 
significant differences between the observed and expected counts recorded in all 
social categories (Figure 5.5). Call type I was given significantly more than expected 
by dominant females and less than expected by all other categories (, 3=25.12, 
P1<0.001, XDF=20.90). Call types V (X3=29.36, Pf<0.001, XDM=25.72), VI (, 3=34.98, 
P1<0.001, XDM=29.82) and VII (, 3=21.67, P1<0.001, XDM=29.82) were given 
significantly more than expected by dominant males and less than expected by all 
other categories. Call type IX was given significantly more than expected by dominant 
























0 Dominant female =1 Subordinate female 
  Dominant male   Subordinate males 
Figure 5.5. Bar chart showing proportion of population recorded giving each loud call type. 
Proportion of adult population recorded giving each call type. Total number of individuals 
recorded in brackets. **= P<0.01; ***= P<0.001. 
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5.4.3. Call type and context relationships 
5.4.3.1 Solo and chorus calling 
The use of different call types in solo or chorus bouts varied significantly for most call 
types (Figure 5.6). Call types I (, i=10.97, P2<0.001), II 
V2 =38.58, P2<0.001), III 
(, Y 1=21.29, P1<0.001) and IV (, I=32.21, P2<0.001) were significantly more likely to 
occur within a chorus and less likely as a solo bout than expected by chance. In 
contrast, call types VI (X21=10.31, PZ=0.001), VII (, 1=8.46, P3=0.004) and IX 
(, 'i=26.17, P1<0.001) were significantly more likely to occur as solo bouts and less 
likely to be used during choruses than expected by chance (Figure 5.6). Call type V 
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Figure 5.6. Bar chart showing loud call types given in solos and choruses. 
Use of different call types as a solo or in a combined chorus. Sample sizes in brackets. NS=not 
significant; **= P<0.01; ***= P<0.001. 
5.4.3.2. Timing within choruses 
Within a chorus the timing that different call types where used within a sequence 
varied significantly for some call types (Figure 5.7). Call type I was given exclusively 
at the end of a sequence, whereas call types II (, 2=133.90, P3<0.001, Xw, hole 89.76), 
III (X22=46.80, P2<0.001, Xwhole=31.05), IV (X22=79.3 1, P3<0.001, %whole 52.98) and 
VII (X22= 16.09, P2<0.001, Xwhole 10.08) were unlikely to be used in a sequence and 
were significantly more likely to occur throughout the whole chorus than expected by 
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chance compared to just at the start or the end. Call types V (%22 x. 71, P40.700), VI 
(x22= 0.39, P5=0.823) and IX (x22= 0.78, P5=0.677) showed no significant difference 
in when they were given within a sequence and that expected by chance, and so are 
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Figure 5.7. Bar chart showing call type location within choruses. 
Use of different call types within choruses. Sample sizes in brackets. NS=not significant; 
***=P<0.001. 
5.4.3.3. Context and call types 
The likelihood of calls being used in different social (intra- and inter-group) contexts 
differed significantly for some calls, but not for others (Figure 5.8). Call types 11 
(=13.4O, P4<0.001, Xj,,,, j=9.1), and VII(, ' 1=7.42, P4=0.006, X,,, =5.26) were given 
significantly more during inter-group interactions and less during intra-group contexts 
than expected by chance. Within inter-group contexts these calls were no more likely 
to be given in the presence of another group rather than a rover (call type U:, 1=1.31, 
P5=0.253; call type VII: Z'1=1.39, PS=0.237). 
In contrast, call types VI ( 1=7.05, P3=0.008, )(j 5.00) and IX (, 1=7.56, P3=0.006, 
x;,, t 5.36) were given significantly more in intra-group contexts and less in inter- 
group contexts than expected by chance. These call types were however, no more 
likely to be given within any of the intra-group contexts than expected by chance (call 
type V I: )4=7.70, P4=0.104; call type V I: ,? a=8.66, 
P4=0.070 ). 
84 
















I '= II '= 3i III ,4! IN (58) VI ( i? 
N'II f60) IX; 4*J 
CALL TYPE 
Figure 5.8. Bar chart showing call types used in different social contexts. 
Use of different call types in intra-group and inter-group contexts. Sample sizes in brackets. 
NS=not significant; **=P<0.01; ***=P<0.001. 
Call types I (x21 1.15, P4-0.283), III (, 1=4.40, P4=0.036 - Dunn-Sidäk correction), 
IV (, i=2.226, P5=0.136) and V (X21=0-01, P5=0.908), 
however, showed no 
significant difference between occurring in intra- and inter-group contexts than 
expected by chance. Across all intra- and inter-group social contexts call type III 
occurred equally (, 6=9.76, P5=0.135), however call type I, IV and V did not (Figure 
5.9). Call types I (%6=32.59, Pj<0.001, Xretu=15.75, Xsentinel=9.30) and IV (x6=24.74, 
P4<0.00I' XrMm=11.14, X5e, t; nei=6.61) were both given more than expected when the 
group returned together after a split and less than expected by a bird acting as a 
sentinel. In contrast, call type V was given more than expected by birds acting as a 
sentinel (X'6= 18.5 1, P, =0.005, Xsencroeff 11.07). 
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Figure 5.9. Bar chart showing call types that varied across all contexts. 
Use of call types I, IV and V used across all contexts. 
5.5. Discussion 
5.5.1. Call type breakdown 
Call type 1, the high purr, is typically given by dominant females (671. of dominant 
females in the population were recorded making this call). It is more often part of a 
chorus than heard as a solo, and is always at the end of a chorus. This call is common 
to both inter and intra-group contexts, but is given more than expected when the group 
return together after a group split. 
Call type II, the noisy atonal shout, is a female-specific call given usually by the 
dominant female (80% of dominant females were recorded making this call). This call 
is most commonly part of a chorus and individuals typically give this call throughout 
the whole of the chorus, without switching to another call type. Although this call was 
recorded during intra-group contexts, it is most commonly used in inter-group 
contexts, either in the presence of another group or a rover from another group. 
Call type III, the 3n modulated descending call, is a male-specific call given usually 
by dominant males (53% of dominant males in population were recorded giving this 
call). This call is most commonly part of a chorus and individuals typically give this 
call continuously throughout the whole chorus, without switching to another call type. 
It occurs equally across all social contexts, both intra- and inter-group. 
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Call type IV, the 2n modulated ascending call, is also a male-specific call given 
usually by dominant males (65% of dominant males in population were recorded 
giving this call). This call is also most commonly part of a chorus and individuals 
typically give this call throughout the whole chorus, again without switching to a new 
note. It occurs equally in intra- and inter-group contexts. It is rarely given by birds on 
sentinel duty, but commonly when individuals reunite after a group split. 
Call type V, the v-shaped chatter, is typically given by dominant males (53% of 
dominant males in the population were recorded giving this call). This call is given 
more commonly as a solo. Within choruses it is a call that is switched around within a 
sequence, being given equally between the start, the end or throughout the whole 
chorus. This call is equally likely to occur during inter- and intra-group contexts, but 
occurs more often than expected whilst the calling bird is on sentinel duty. 
Call type VI, the extended v-shaped chatter, is also a call given significantly more by 
dominant males (59% of the dominant males in the population were recorded giving 
this call). This call was given significantly more often as a solo than within a chorus, 
however when produced within a chorus it can be switched around within a sequence; 
given equally at the start, the end or throughout the whole chorus. It was more likely 
to be given in an intra-group context, but was given equally within this context. 
Call type VII, the double note ascending chatter, is another call commonly given by 
dominant males (47% of the dominant males in the population were recorded giving 
this call). This call was also significantly more likely to occur as a solo than as part of 
a chorus, but when in a chorus is not commonly switched and is given throughout the 
whole chorus. This call type was more likely to be given in inter-group contexts, but 
equally in the presence of a rover or another group. 
Call type VIII, tonal chatter, showed greater variation between calls and did not 
classify well, being distributed between its own group and call types V and VII. 
Further examination into calls labelled of this type is required to understand to which 
group they belong or if indeed other unique call type(s) exist. 
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Call type IX, the noisy tonal chatter call, is the only call used widely by both sexes, 
although it is more commonly used by dominant birds than subordinates (40% of the 
dominant females and 47% of dominant males in the population were recorded giving 
this call). This call is significantly more likely to be given as a solo than as part of a 
chorus, however, within a chorus it can be switched around within a sequence, given 
equally between start, end and throughout. It is more commonly used during intra- 
group contexts than in inter-group interactions, but occurred equally between these 
social contexts. 
5.5.2. Implications 
5.5.2.1. Sex-specific signalling 
Three pied babbler loud calls are sex-specific: call type II is given only by females, 
while call types III and IV are given only by males. Sex-specific calls can arise in two 
ways. Each sex can give unique call types, produced by one sex and not the other (e. g. 
grunt and girney vocalizations in rhesus macaques (Whitham et al. 2007), roaring by 
male red deer (McComb 1991), croaking by male frogs and toads (Gerhardt 1994)); 
these are commonly used in different social contexts serving different functions, such 
as sexual advertisement. Alternatively, both sexes can produce the same call type, but 
calls contain sex-specific features in their structure (e. g. indri Indri indri songs 
(Giacoma et al. 2010), yellow-bellied marmot alarms call (Blumstein and Munos 
2005), pheasant coucal Centropus phasianinus long calls (Maurer et al. 2008), green 
woodhoopoe vocal rallies (Radford 2003)); such differences are largely thought to be 
the result of inter-individual differences in anatomy. Pied babbler sex-specific loud 
calls are the former type, with each sex giving calls that are completely structurally 
distinct. These calls are therefore unlikely to be the result of anatomical differences 
and are more likely to be the result of selection to serve discrete functions. 
Sex-specific call types in many duetting bird species are suggested to have evolved to 
mediate conflict between members of a mated pair (Levin (1996a), Seddon (2002), 
Watson (1969)). They may, for example, function in mate/paternity guarding by 
repelling competitors or be used to advertise continued presence (Hall 2004). 
Alternatively, they could be important in reducing any possibility of misdirected 
aggression towards their own mate during territorial interactions (Farabaugh 1982). 
Sex-specific calls are also associated with breeding behaviours that are restricted to 
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one or other sex, such as male-specific notes in song that facilitate mate choice 
(Catchpole and Slater 1995), or female copulation calls in non-human primates that 
improve post-copulatory mate-guarding by high ranking males (Maestripieri et al. 
2005). In many ways, pied babbler sex-specific calls given in choruses are similar to 
duets of other monogamous species, where both males and females call together, and 
they give discrete call types; they may also, therefore, serve similar functions (see 
Hale (2006); Seddon (2002); Bradley and Mennill. (2009)). Pied babbler sex-specific 
call types II and III are more commonly used in inter-group interactions, and so they 
could function either in mate/paternity guarding by repelling competitors or to 
advertise continued presence as a mated pair to avoid intrusion. Whereas male call 
type IV is given in both intra and inter-group interactions so may serve to advertise 
male callers for an alternative function, such as intra-group signal of status as it is also 
mostly given by the dominant male. 
5.5.2.2. Dominant male and female calls 
All pied babbler loud calls types were given more by dominant birds than 
subordinates; two types were given significantly more by dominant females (type I 
and Il), five types significantly more by dominant males (type III, IV, V, VI and VII), 
and one by both (type IX). There are a number of reasons why dominant individuals 
may use some calls more often than other group members. For example, in many non- 
human primates species, high-ranking males give loud calls and such calls are thought 
ultimately to mediate male-male competition (see Waser (1982)). High-ranking 
individuals may call more simply because they are bigger and such calls are honest 
signals of strength (e. g. chacma baboons, Kitchen et al. (2003)). Such high-ranking 
individuals are also likely to have the most to lose, such as their breeding monopoly, 
and so will invest more in calling, if such calls are involved in mate-defence (e. g. 
chacma baboons, Kitchen and Beecher (2007)). Alternatively, calls may actually be 
suppressed by lower ranking males if they are punished for calling (see Enquist et al. 
(1985)). In pied babblers, both the dominant male and female receive high 
reproductive fitness with extra-group paternity never recorded to date (Nelson-Flower 
2010) and so unlike the mammalian examples above, both have an equally high risk of 
losing their maternity/paternity within the group. 
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In pied babblers, it is however only the females who risk losing their breeding position 
by forced removal by a non-group member (Raihani et al. 2008; Raihani et al. in 
press). The dominant female in pied babblers would therefore benefit the most by 
advertising her presence to any potential rivals, and perhaps call types I and II act as a 
signal of dominant female presence. The high purr (type 1) is given more during 
choruses than as a solo and when in a chorus was exclusively used at the end, but it is 
used in choruses in both intra and inter-group contexts. Such a call may therefore also 
hold some within-group signal function, and signalling her presence and strength to 
the group may be used as a vocal display of dominance (Reyer and Schimdl 1988; 
Seddon 2002). The noisy atonal shout (type II) is given significantly more during 
inter-group interactions and as part of a chorus, so may be a direct signal targeting 
opposite-sex rivals; it may signal the presence of a female alongside the calling of her 
male partner, or alternatively act as a cooperative signal of territory defence. 
Dominant male pied babblers in our study population have never been observed to 
lose their breeding position to another male, and there is no evidence of extra-group 
paternity (Nelson-Flower 2010), so the suggested function of signalling to same-sex 
competitors (Sekulic 1982; Grinnell and McComb 2001; Kitchen and Beehner 2007) 
is unlikely to apply here. An alternative possible reason for the evolution of dominant- 
male call types is that they act as a signal to opposite sex individuals, possibly their 
dominant partner, as males run the risk of being divorced (Ridley unpublished data), 
or any potential non-group mates that are able to overthrow the current dominant 
partner and prove a better breeding partner. Call types V is most commonly given by a 
dominant male whilst on sentinel duty, and this call may act as a signal to opposite- 
sex individuals. First, from this position calls may travel further to potential non-group 
females, but secondly, act as honest indicators of fitness (Zahavi 1975) because loud 
calling from such a conspicuous position is likely to be an indirect cue to predators. 
Call type VII was used more commonly in inter-group contexts, and again this may 
act as a signal to non-group females, but may also function in various cooperative 
functions, such as resource defence. Signals during such interactions may act as a 
display of strength that can reduce the likelihood of a fight (Maynard-Smith and 
Parker 1976) and calling together with the dominant female in a cooperative display 
of territory defence here will benefit both the dominant pair. Finally, call type IV is 
given most often after a group split when the group return together and, like the high 
90 
Loud calls 5 
purr, this call may serve an intra-group function signalling male dominance within the 
group (Reyer and Schimdl 1988; Seddon 2002) to maintain the social hierarchy. 
5.5.2.3. Multi-use calls 
Call type IX was observed being given by all individuals, although more than 
expected by dominant individuals in the group. It was associated with intra-group 
activities more than inter-group contexts, but was equally used across all intra-group 
categories. Many group-living species produce calls that help in intra-group spacing 
(Marler 1972; Chivers 1975; Robinson 1979; Mitani 1985), although babblers forage 
together they do briefly split as they can move-off in different directions, and such 
calls may help keep the group together or mediate conflict during these splits. 
Alternatively loud calls have been suggested to function in maintaining social bonds 
(Brown et al. 1988) and a call used by all individuals in many social contexts may 
function in such a way. The fmal possibility is that this call type is not functional and 
is emitted in a state of arousal. 
In summary, I have found eight acoustically distinct loud call types given by pied 
babblers. Exploratory analysis showed that some of which are more commonly given 
in combined group choruses, whereas other are more commonly given as solo calls. 
The occurrence of so many distinct call types is to my knowledge rarely found in 
coordinated vocal displays, except those described as song, and I suggest that unlike 
song each call type has been selected to serve a discrete function, although further 
investigation and experimental manipulation is required to confirm this. 
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CHAPTER 6 




Group chorus displays 6 
6.1. Abstract 
Many social animal species perform coordinated displays as either a paired duet or a 
group chorus. These displays are typically loud and conspicuous, so are likely to be 
costly. I explore the possible functions of pied babbler raucous choruses that are 
performed in various contexts, by all or some of the group, and which contain sex- 
specific call types. Pied babbler groups contain a dominant pair, which are the 
exclusive breeders in the group, so I consider possible functions that have previously 
been suggested for group displays in other species, but also those pertaining to paired 
duets. I examine when, where and `who' performs group choruses, and investigate 
differences between the dominant pair in their calling and how they respond to 
simulated intrusions of potential rivals. In common with other studies, my results 
suggest multiple functions for coordinated vocal displays in group-living species. The 
strongest support was, however, for joint resource defence and as an active display, 
for dominant females at least, to prevent being usurped. Intra-group signalling is also 
considered and choruses might aid particularly in the maintenance of dominance 
hierarchies. 
6.2. Introduction 
Many territorial animals that live in pairs or groups perform coordinated vocal 
displays (e. g. in birds: green woodhoopoes (Radford 2003), laughing kookaburras 
Daceb novaeguineae (Reyer and Schimdl 1988), white-browed sparrow weavers 
(Wingfield and Lewis 1993), Australian magpies Gymnorhina tibicen (Brown et al. 
1988), woodquail Odontophorus leucolaemus (Hale 2006); and in mammals: lions 
(McComb et al. 1994), wolves (Harrington and Mech 1979), spotted hyenas (East and 
Hofer 1991a), red howler monkeys Alouatta seniculus (Sekulic 1982), Siamang 
Symphalangus syndactylus (Chivers 1975), Borneo gibbons Hylobates muelleri 
(Mitani 1985)). Such vocal displays are typically loud and are therefore likely to be 
costly, both in terms of time and energy for production (Taigen and Wells 1985; 
Vehrencamp et al. 1989; Eberhardt 1994), but also in signalling the location of the 
callers to predators (Ryan et al. 1982; Yasukawa 1989; Hale 2004). Consequently, 
these displays are likely to have an adaptive function(s). 
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The function of duets, which involve the coordinated displays of just two individuals, 
usually a mated pair, has received a lot of attention (see Hall (2004) for review). In 
birds, the functions of male song have long been established (Catchpole and Slater 
1995), so reasons why females participate has been of particular interest (Farabaugh 
1982). The most prominent of the multiple non-mutually exclusive functions that have 
been suggested for duets are: a collaborative display to outsiders as a form of joint 
defence; signalling of commitment to a partner by indicating a willingness to invest; 
signalling the mated status of a partner to intruders to prevent them being usurped; and 
signalling your own presence to avoid being usurped, in terms of lost paternity, 
position or mate (Hall 2004). 
Choruses, which on a most basic level simply involve more individuals combining in 
a coordinated display, are likely to have similar adaptive function(s) to duets (Seddon 
2002; Hall 2004; Hale 2006; Bradley and Mennill 2009). Several studies have already 
suggested that choruses indeed function in joint resource defence (Harrington and 
Mech 1979; Reyer and Schimdl 1988; Wingfield and Lewis 1993; McComb et al. 
1994; Baker 2004; Hale 2006), and the maintenance of social bonds (Brown et al. 
1988) and the mediation of social hierarchies (Reyer and Schimdl 1988) have also 
been mooted as possibilities. Unlike duets, where conflict or cooperation arises solely 
between a mated-pair, social groups include several individuals, some or all of which 
may differ in their motives for conflict and cooperation (Bradley and Mennill 2009). 
In cooperative breeders, for example, reproductive contributions are highly skewed 
(Brown 1987) and so the incentives for breeders and non-breeders to perform certain 
tasks or send certain signals may differ considerably. Reasons for contributing to 
choruses may therefore differ depending on, for example, dominance status in the 
group. However, in cooperative species with a single breeding pair (e. g. laughing 
kookaburras (Legge and Cockburn 2000), Florida scrub-jays Aphelocoma 
coerulescens (Quinn et al. 1999), Arabian babblers Turdoides squamiceps (Lundy et 
al. 1998)), those particular individuals may participate in combined signalling for 
reasons similar to those proposed for duets (i. e. preventing a partner being usurped 
and avoiding being usurped by a partner or a rival). These latter possible functions 
have rarely been explored in group coordinated displays. 
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Pied babblers are cooperatively breeding birds that hold year-round territories (Ridley 
and Raihani 2007a), with strict boundaries that are actively defended (see Chapter 7). 
Groups exhibit high reproductive skew, as the socially monogamous and dominant 
pair produce ca. 95% of the offspring (Nelson-Flower 2010). The dominant 
individuals therefore have the highest potential fitness costs from losing their position 
in the group. In particular, dominant males risk losing their mate, as dominant females 
can `divorce' unfavourable males, particularly those of low weight (A. Ridley 
unpublished data), while dominant females can lose their breeding position through 
forced removal by rival females from other groups (Raihani et al. in press). Conflict, 
as well as cooperation, between the dominant pair is therefore possible. 
Groups perform raucous vocal displays that can involve the use of a number of 
different loud call types, some of which are unique to each sex (see Chapter 5). When 
birds combine their loud calls in a chorus, group members often converge in a tree or 
on the ground. Individuals typically produce one call type, in a stereotyped manner, 
per bout, and can perform several bouts within a chorus (mean ± SD chorus duration: 
16.5 ± 10.9 s). Chorus displays are always performed when groups meet (Chapter 7) 
and this invariably occurs at territory boundaries. When groups meet, they often 
alternate choruses whilst sitting in trees on opposite sides of a shared border, and can 
display like this for up to 35 min at a time (unpublished data). During all vocal 
displays, birds perform parallel repetitive posturing movements, involving neck 
extending, wing flapping and tail fanning. These displays are therefore likely to be 
costly to produce in both time and energy, but may also increase their 
conspicuousness to predators. 
In this chapter, I investigate the possible functions of these coordinated vocal displays 
in pied babblers. I examine when (in terms of season and context) and where (in terms 
of territory location) choruses are given, what factors influence whether an individual 
giving a solo loud call is joined to create a chorus, the contributions of different group 
members (especially the dominant pair) to choruses, and how the dominant male and 
female respond to simulated intrusions by potential rivals. I use this information to 
consider five hypotheses; the first three have commonly been suggested as possible 
functions of coordinated group displays (Brown et al. 1988; Reyer and Schimdl 1988; 
97 
Group chorus displays 6 
Baker 2004; Hale 2006), while the last two have been traditionally suggested as 
functions for duetting, but may also be applicable to the breeding individuals in social 
groups (Seddon 2002). 
Hypothesis 1: Joint Resource Defence 
If pied babbler choruses function in joint resource defence, I expect them to occur 
most often in the presence of non-group members, throughout the year and close to 
territory borders. Contributions to displays might also be expected to be higher from 
those individuals, the dominant pair in pied babblers, who have more to lose from 
reductions in size or complete loss of the territory. 
Hypothesis 2: Maintenance of Social Bonds 
If choruses function in maintaining social bonds, then I predict that calling should 
occur in intra-group situations and be consistent throughout the year. In particular, 
choruses might occur after strained relations within the group, such as when 
individuals are reunited following a group split. For this hypothesis, all individuals 
should contribute to choruses equally. 
Hypothesis 3: Mediation of Social Hierarchies 
If choruses function to mediate social hierarchies, then I predict that chorusing should 
occur in intra-group contexts, in particular after a conflict within the group, such as 
following group splits, and also be consistent throughout the year. Dominant birds 
should call more, and this may be expected especially at the end of the chorus to assert 
their status over subordinate group members. 
Hypothesis 4: Prevention of a Breeding Partner Being Usurped 
If choruses function to prevent a breeding partner being usurped (a cooperative form 
of mate guarding), the expected target recipient is an opposite-sex rival who may pose 
a threat to their partner. I would therefore predict that such calling would be more 
common in the presence of individuals from other groups and during the breeding 
season, when the risk of losing a partner is highest. Additionally, if the fecundity of a 
breeding pair increases with the length of the pair bond, as has been shown for other 
species (Fowler 1995; van de Pol et at. 2006), then this hypothesis would predict that 
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partners with longer pair bonds would chorus together for longer and would be more 
likely to finish calling at the same time. Finally, if individuals are calling 
cooperatively, partners might be expected to respond with greater intensity to an 
opposite-sex intruder and to respond to the calls of their partner, regardless of the sex 
of the intruder. 
Hypothesis 5: Avoidance of Being Usurped 
If chorusing functions to minimise the risk of being usurped, there are two possible 
target individuals: a same-sex rival that may steal a mate or an opposite-sex mate who 
may leave (Hall 2004). Calling would be expected most often when the risks of being 
usurped are high, such as during the breeding season, in the presence of non-group 
opposite-sex individuals, or when a mate is most likely to leave, such as when a 
female is paired with a lighter dominant male. Moreover, I predict that the patterns in 
calling by the dominant pair would differ: that dominant females will invest more in 
calling in the presence of extra-group females, while dominant males will invest more 
in calling if they are lighter in weight, to avoid being divorced. Additionally each 
individual should perceive a same-sex individuals as more of a threat than opposite- 
sex intruders (see Levin (1996b) and Seddon (2002)). 
6.3. Methods 
6.3.1. Study site and population 
I collected data on a habituated, colour-ringed population of pied babblers on the 
Kuruman River Reserve, South Africa (26°58'S, 21 °49'E) between December 2006 
and August 2009. The study site consists of semi-arid Kalahari scrubland with a mean 
± SD annual rainfall of 285 ± 112 mm (2006-2009). The habitat is dry and open with 
birds easily observed. There are two main seasons: the climate is cold and dry in the 
winter (Jun-Aug), and warm and wet in the summer (Sep-May); pied babbler breeding 
typically occurs in the wet periods (see Chapter 7). For a more detailed description of 
climate and vegetation see Clutton-Brock et al. (1999) and Raihani and Ridley 
(2007a). 
Pied babblers live in stable groups consisting of a dominant breeding pair and 
subordinate helpers; group size in the study period was between 2 and 11 adults (mean 
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I SD: 6.14: 2.6). The dominant pair are identifiable by agonistic interaction towards 
other group members, extended preening together, and investment in incubation and 
nest building (Ridley and Raihani 2008). Birds forage together throughout the day, 
commonly no more than 20 m from each other (Radford and Ridley 2006), splitting 
only for brief periods as the group move to new foraging patches (see Chapter 4). 
Groups were visited approximately three times a week, were habituated to human 
presence at a distance of 3 m, and were trained to stand on a flat-top balance for the 
reward of a mealworm. Birds were sexed using DNA from blood collected when 
ringing (see Radford and Ridley 2008 for capture details) using the technique 
described in Griffiths et al. (1998). 
6.3.2. Data collection 
During audio data sessions, all group choruses were recorded using a Sennheiser 
ME66 short gun microphone, frequency response 40 Hz - 20 kHz ± 2.5dB, with a K6 
power module (2004 Sennheiser). Recordings were digitally transformed through a 
Marantz PMD660 solid-state recorder (2008 D&M Holdings Inc. ), frequency response 
20 Hz -16 kHz (-0.5dB tolerance), at a sample rate of 48 kHz, 32-bit, and stored 
directly onto a Compact Flash media card in WAVE file format. The identity of the 
caller(s), the context in which chorus was given and the sequence in which individuals 
finished calling (i. e. the last caller, second from last caller, etc. ) was spoken into the 
microphone after the chorus ended. Contexts included five intra-group categories 
(group split, after leading off, reuniting after a group split, whilst on sentinel and no 
obvious reason) and two inter-group contexts (in the presence of another group and 
whilst rovers were present) (see Chapter 5 for detailed definition of contexts). A total 
of 719 chorus recordings were collected between December 2006 and August 2009, 
from 17 different groups (mean ± SD: 44 ± 34 choruses per group). 
6.3.3. Data analyses 
6.3.3.1. When do choruses occur? 
I first investigated seasonal variation in chorusing behaviour. Each group was 
considered to be in its breeding season from the first day that nest building was 
observed until the last day in which any of the following behaviours were observed: 
nest building, egg-laying, incubating or nestling feeding. I used a Wilcoxon signed- 
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rank test to compare the average daily rate (number of choruses/session duration) of 
choruses performed in the breeding season and in the non-breeding season during 
observation sessions. Groups always perform choruses when interacting with other 
groups, and data from Chapter 7 show that inter-group interactions (IGIs) are more 
common in the breeding season, to control for this, choruses performed during such 
IGIs were not included in this analysis. Data do however include the presence of 
roving individuals and neighbouring groups in the far distance calling. Paired data 
were available from six groups in which at least three or more data sessions were 
available from both the breeding (mean ± SD number of sessions: 10 ± 2.9) and non- 
breeding (18 ± 5.7 sessions) seasons. 
I then explored in which intra- and inter-group contexts choruses occurred. I used 
generalised linear mixed models (GLMMs) with a binomial error distribution and a 
logit link function to test whether the context (intra or inter-group), and the sex and 
status (dominant or subordinate) of the initiator of the chorus, affected when a chorus 
occurred; chorus=1 (>1 bird calling), solo=0 (only 1 bird calling). Random terms 
included in the GLMMs, to account for repeated measures, were date, group ID and 
initiator ID. Only those occasions when the chorus initiator was reliably identified 
(N=284 choruses) were used in this analysis. 
6.3.3.2. Where do intro group choruses occur? 
To investigate whether intra-group choruses occurred more than expected by chance 
at territory borders, I recorded the location of every intra-group chorus given by eight 
groups during each data session between April and September 2008, using a handheld 
GPS device (Garmin etrex, Garmin International Inc., USA). These locations were 
then plotted onto home range maps created from group tracks recorded during that 
same time period. Group tracks are a series of waypoints taken at 15 minute intervals 
from the central location within the group, recorded during all data sessions. Home 
range kernels were calculated from 42 ± 13 (mean ± SD) different days and 301 ± 153 
(mean f SD) waypoints per group. The Animal Movement extension in ArcView GIS 
3.3 (1992-2002 Environmental Systems Research Institute, Inc. ) was used to estimate 
home range density kernels based on the density of waypoints, using the h value for 
smoothing calculated by the Least-Squares-Crossed-Validation (LSCV) method. The 
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number of choruses performed outside the 75% density zone was compared to that 
expected by chance using chi-squared tests. The expected number of choruses was 
calculated as 25% of the number of choruses recorded. 
6.3.3.3. Which individuals invest in chorusing? 
I investigated whether all individuals contributed equally to choruses using a series of 
GLMMs with a binomial error distribution and a logit link function. I examined 
whether the sex and dominance status of the individual and the context in which the 
group were chorusing affected the proportion of a chorus an individual spent calling. 
Repeated measures of chorus ID, group ID and caller ID were accounted for as 
random terms. Only entire choruses (where I had recorded the whole bout), within 
which the time at which an individual started and finished calling could be reliably 
identified, were included in analyses (N=318 occasions). 
6.3.3.4. When in a chorus do different individuals call? 
I first explored which group members start and finish a chorus, to see if initiator- 
finisher relationships are random. On all occasions when the initial and final callers 
were identifiable (n=99 choruses), I compared the observed distribution of initiator- 
finisher relationships with an expected distribution should it be random using a Chi- 
squared test, with a Yates continuity correction because some values were below 5. 
I then explored the difference in calling between the dominant breeding male and 
female in an attempt to distinguish between hypothesis four (prevention of a breeding 
partner being usurped) and hypothesis five (avoidance of being usurped). I first 
considered what factors may predict whether the dominant female or dominant male 
was the final caller in a chorus. I used GLMMs with a binomial error distribution and 
a logit link function to investigate the importance of context, length of pair bond, 
dominant male weight, and the sex and dominance status of the chorus initiator. 
Weights can vary on a daily basis depending on various social and stochastic factors, 
so to get an accurate measure of the weight of the dominant male, an average was 
taken from the 2-week period either side of the chorus date. Length of pair-bond was 
calculated from the day both birds were present in the group, performing dominant 
behaviours, until the day of the chorus. Two separate model sets, one for each sex, 
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were run with an individual scored as I if it was the final caller, and 0 if it was not the 
final caller. Recordings from individuals where dominant male weights were available 
provided a sample of 84 dominant females and 54 dominant males calling in a chorus. 
Although choruses start quite synchronously, with other group members joining an 
initiator relatively quickly (personal observation), individuals stop chorusing in a 
highly asynchronised fashion. I used GLMMs with a normal error distribution to 
investigate whether caller sex, the social context, length of pair bond and dominant 
male weight were good predictors of the length of time one member of the dominant 
pair continued calling at the end of a chorus, after its partner had ceased. In this 
model, I used a measure of latency to the end of a chorus (the time in seconds each 
dominant individual stopped calling before the end of the chorus), with the final caller 
scoring zero. Data were available for both the dominant individuals in 103 choruses. 
6.3.3.5. How do dominant individuals respond to same-sex and opposite-sex 
intruders? 
Using a playback experiment, I investigated the response of dominant males and 
females to simulated intrusions of an individual rival, using two sex-specific call 
types: type II (the call of a dominant female) and type III (the call of a dominant male) 
(see Chapter 5 for details). Calls were played back from a palm TX (2009 Palm Inc. ) 
through a Creative TravelSound 200 speaker (1998 - 2004 Creative Technology Ltd. 
Frequency response 150 Hz - 20 kHz) placed at human head height in the branches of 
the nearest tree (7-10 m from the group), to mimic the position of an intruding bird. 
Calls levels were normalised beforehand using AVISOFT-SAS Lab Pro 4.52 (R. 
Specht, Berlin, Germany), and playback volume standardised to mimic the calls of a 
bird in the immediate area. Recordings were collected from birds during natural 
observation sessions. Calls were played back on separate days to six different groups, 
reversing the order for half of the groups to control for a potential order bias, and each 
group received the dominant calls of the same neighbouring pair, to control for 
familiarity. A field assistant and I recorded the response of each dominant individual 
simultaneously, using a microphone to dictate behaviours. Each bird was given a score 
of 1 for each of the following: initiating a vocal response, chorus calling for longest, 
and staying alert and vigilant for the longest (assessed as being the last down to 
forage). Equal scores were awarded if the behaviour occurred simultaneously by both 
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members of the pair (for example, if the both tle%k don to forage at the same time). 
Scores were totalled for each dominant individual and the overall strength of response 
was compared within pairs using a non-parametric Wilcoxon signed-rank test. 
6.3.4. Mixed modelling 
Akaike's Information Criteria (AIC) was used for model selection to test a series of 
models (a model set). Lower AIC vales correspond with better relative support for 
each model (Akaike 1974). I tested a series of models representing biological 
hypotheses, removing all terms from a saturated model and retaining those whose 
removal inflated the AIC by >2. Random terms that contributed zero variance or 
inflated AIC >2 were removed. The model set included the basic model, containing 
only the intercept and random terms, the minimal model and all the original terms 
returned to the minimal model to validate for no improvement. Akaike weights, w, _ 
exp (-A1 / 2) / Y_ ,, exp(-Ar /2), A=AICR,;,, - AIC, were calculated for the model set to 
show the weighting of importance between the minimal model and those with each 
term returned alone (Burnham and Anderson 2004). When samples were small (n/K is 
<40), a second order criterion AICc with an additional bias-correction term was used. 
6.4. Results 
6.4.1. When do choruses occur? 
Groups performed choruses significantly more in the breeding season compared to the 











Figure 6.1. Seasonal differences in chorus rates. 
Mean bar and individual group differences of the average daily rate of chorusing in the breeding 
and non-breeding periods. Different points represent different groups. 
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Forty-six percent of choruses were given in inter-group contexts, with the vast 
majority of those in response to another group rather than a single roving individual 
(Figure 6.2). Of the remaining 54% of choruses given in intra-group contexts, the 
most common known occurrences were when the group split and when they returned 
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Figure 6.2. Percentage of choruses recorded in different contexts. 
Percentage of choruses recorded in different contexts. 
Solo calling birds were more likely to be joined to form a chorus when there were 
non-group members in the vicinity (Table 6.1, Figure 6.3). Model 3a (Table 6.1) was 
also weighted highly with the additional factor of the dominance status of the initiator, 
indicating that a dominant bird is more likely to initiate a chorus. Model 1a with 
context alone was, however, weighted higher, fitting the data with more simplicity. 
The sex of the caller did not improve the model fit. 
105 






i 350.7 5 0.0 0.431 
Alternative models 
2a CONTEXT + INITIATOR SEX 352.7 6 2.0 0159 
3a CONTEXT Infra-group -1.4356 350.8 6 0.1 0.410 
+ INITIATOR STATUS Subordinate -0.5146 
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Figure 6.3. Effect of social context on chorus likelihood. 
Estimated means (from model la, Table 6.1) for the likelihood of a solo becoming a chorus 
depending on context. 
6.4.2. Where do intra-group choruses occur? 
Choruses given during observation sessions when no other groups were present occur 
significantly more in the outer boundary zone (>75% density kernel) than expected by 
chance (x 2 7=508.7, P<0.001, Figure 6.4). 
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Table 6.1. GLMMs exploring factors affecting when solos are joined to make choruses. 
Model set of GLMMs exploring factors affecting when a solo call becomes a group chorus. Total 
number of observation=284. Random terms: date= 105, initiator ID=51: group ID=9. 
Intra-group Inter-group 











Figure 6.4. Map of group homeranges and location of choruses. 
Homeranges of eight neighbouring groups with 25%, 50%, 75% & 95% density kernels shown as 
rings and intra-group chorus locations shown as overlapping black dots. 
6.4.3. Which individuals invest in chorusing? 
Dominant birds were likely to call for a greater proportion of the chorus than were 
subordinates (Table 6.2, Figure 6.5). Neither sex of the caller, call context (intra- or 
inter-group) nor any interaction terms improved the model fit (Table 6.2). 
Table 6.2. GLMMs exploring factors affecting proportion of chorus spent calling. 
Model set of GLMMs exploring factors affecting the proportion of a chorus that an individual 
spends calling. Total number of observation=318. Random terms: chorus ID=155; caller ID=50; 
group ID-9. 
Model Fixed factors Estimate AIC [ k A W, 
Basic 127.7 4 7.8 0.006 
STATUS Dominant 0.0000 
lb 119.9 5 0.0 0.316 
Subordinate -0.9289 
Alternative models 
2b STATUS + SEX 121.2 6 1.2 0.174 
3b STATUS + CONTEXT 120.5 6 0.6 0.235 
4b STATUS + SEX * STATUS 121.1 7 1.2 0.174 
5b STATUS + CONTEXT * STATUS 122.3 7 2.4 0.095 
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Figure 6.5. Effect of dominance status on the proportion of chorus spent calling. 
Estimated means (from model lb, Table 6.2) for the proportion of the chorus individuals of 
different dominance status spent calling. 
6.4.4. When in a chorus do different individuals call? 
The distribution of birds of different sex and dominance status that initiated and 
finished choruses differed significantly from what was expected by chance ()`, c 
=195.2, P<0.001), with dominant females as the final caller when dominant males 
initiated having the largest contribution to the chi-squared value (103.6). Dominant 
female birds finished over 50% of choruses, 63% of which were initiated by the 
dominant male (Figure 6.6). In contrast, subordinate birds rarely started or finish 
choruses, with male and female subordinates ending only 5% of choruses each (Figure 
6.6). 
35 










  DF e SF 
GF DM SF SM 
Initiator status 
Figure 6.6. Bar chart showing relationships of initiator and final caller status in choruses. 
Percentage of choruses initiated and finished by different combinations of group members; 
DF=dominant female, DM=dominant male, SF=subordinate female and SM=subordinate male; 
N=99. 
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The best predictors of when the dominant female was the final caller of a chorus were 
whether individuals from other groups were present and the length of time that the 
dominant pair had been together (Table 6.3): dominant females were more likely to 
finish a chorus in an inter-group interaction and when they had only recently formed a 
dominant partnership (Figure 6.7). The sex and status of the initiator of the chorus and 
dominant male weight did not affect whether the dominant female was the final caller 
(Table 6.3). 
Table 6.3. GLMMs exploring factors affecting when the dominant female is the final caller. 
Model set of GLMMs exploring factors affecting when the dominant female is the final caller in a 
chorus. Total number of obser,. ations=87. Random terms: date=46; caller ID=26; group ID= 9. 
Model Fixed factors Estimate AIC k A w, 
Basic - 124.9 4 6.7 0.011 
CONTEXT Intra-group 1.1285 
Ic 118.2 6 0.0 0.320 
+ PAIR BOND Pair bond time -0.0023 
Alternative models 
2c PAIR BOND - 120.3 5 2.1 0.112 
3c CONTEXT - 121.7 5 3.5 0.056 
4c CONTEXT + PAIR BOND + INITIATOR SEX - 120.0 7 1.8 0.130 
5c 
CONTEXT + PAIR BOND + INITIATOR 
- 119.2 7 1.0 0.194 STATUS 
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Figure 6.7. Effect of pair-bond duration and context on dominant female finishing a chorus. 
Model estimates (from model Ic, Table 6.3) for the likelihood of the dominant female finishing a 
chorus given the duration of the pair bond and the social context of the chorus. 
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I found no good predictors for when a dominant male finishes a chorus, with the basic 
model of random terms fitting the data better than any model with biologically 
plausible predictive terms (Table 6.4). Date as a random term accounted for zero 
variance and inflated AIC >2 so was removed from the model. 
Table 6.4. GLMMs exploring factors affecting when the dominant male is the final caller. 
Model set of GLMMs exploring factors affecting when the dominant male is the final caller in a 
chorus. Total number of observations=54. Random terms: caller ID=21; group 1D= 8. 
Model Fixed factors Estimate A! C k A 
1d BASIC - 72.42 3 0.0 0.360 
Alternative models 
2d INITIATOR SEX - 75.83 4 3.41 0.065 
3d INITIATOR STATUS - 75.90 4 3.48 0.063 
4d DM weight - 74.77 4 2.35 0.111 
5d CONTEXT - 73.43 4 1.01 0.217 
6d PAIR bond - 73.76 4 1.34 0.184 
Dominant females out-called their male partners for longer in the presence of 
individuals from other groups compared to intra-group contexts (Table 6.5, Figure 
6.8). This was regardless of the average weight of the dominant male and the time the 
pair had been together, as these terms do not improve the model fit (Table 6.5). 
Table 6.5. GLMMs exploring factors affecting time dominant individuals ceased calling. 
Model set of GLMMs exploring factors affecting the time from the end of a chorus that dominant 








Male 3.5928 698.5 7 0.0 0.493 
Intra * male -2.0375 
2e CONTEXT - 703.6 5 5.1 0.039 
3e SEX - 701.9 5 3.4 0.090 
4e CONTEXT + SEX - 701.0 6 2.5 0.141 
5e (CONTEXT + SEX)2 + PAIR BOND - 710.5 8 12 0.001 
6e (CONTEXT + SEX)2 + DM WEIGHT - 700.2 8 1.7 0.211 
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Figure 6.8. Effect of sex and social context on time dominant individuals cease calling. 
Estimated means (from model le, Table 6.5) for the time a dominant individual stops calling 
before the end of the chorus in different social contexts. 
6.4.5. How do dominant individuals respond to same-sex and opposite-sex 
intruders? 
The playback of a dominant male (type III) and dominant female (type II) chorus call 
did not evoke an equally strong response from the dominant pair (Figure 6.9). When 
playing back a female call, the resident dominant female responded significantly more 
strongly than her male partner (Wilcoxon signed rank test: Z4=-2.07, N=6, P=0.038), 
whereas there was no significant difference between the members of the dominant pair 




















Figure 6.9. Bar charts showing response to simulated same and opposite-sex intruders. 
Difference in the strength of response by the resident dominant male and female to playback of a) 
female chorus calls (type 11) and b) male chorus calls (type III). 
INTRA GROUP INTER GROUP 
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On only four occasions out of the 12 playbacks did the dominant pair chorus together 
(three times after female call type 11 and once after male call type III; Figure 6.10), 
and this did not significantly differ from that expected by chance (binomial test: 
P=0.388). The dominant female called alone on four occasions (twice in response to 
each call type) out of the five she initiated, whereas the dominant male called alone 
only once out of the three he initiated. Although the samples are too small to infer 
much on a call-type basis, there is a pattern across all playbacks that dominant females 
were more likely to join their partner than were dominant males: dominant males 
joined their partner on 20% of occasions, whereas dominant females joined their 
partner on 66.6% of occasions. 
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Figure 6.10. Bar charts showing vocal response to simulated intrusions. 
Time from the start of the playback when each dominant bird vocalised in response to a) female 
call type II and b) male call type Ill. * indicates which bird initiated the response. 
6.5. Discussion 
Pied babbler group members produced coordinated loud vocal displays during various 
intra-group contexts, although they were more likely to start chorusing in the presence 
of individuals from other groups. The hourly rate of choruses was significantly greater 
in the breeding compared to the non-breeding season, and intra-group choruses occur 
more at territory boundaries more than expected. Dominant individuals contributed 
the most time to calling in a chorus, and they initiated and finished choruses more 
often than subordinates. The dominant female was likely to be the final caller of a 
chorus during inter-group encounters and when the length of pair-bond between the 
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dominant pair was shorter. Additionally, the dominant female was likely to call for 
longer than her dominant partner in the presence of individuals from other groups. 
I have suggested the behaviours and patterns expected in chorus calling under the five 
most likely functions discussed in the introduction and highlight those for which I 
have found some evidence (see Table 6.6). 
Hypothesis 1: Joint Resource Defence 
The most common hypothesis proposed for the function of group coordinated 
choruses is that they act as a cooperative display of joint resource defence (Harrington 
and Mech 1979; Reyer and Schimdl 1988; Wingfield and Lewis 1993; McComb et al. 
1994; Baker 2004; Hale 2006). As predicted for this hypothesis, I found that pied 
babblers were more likely to start chorusing in the presence of another group, 
although in keeping with other studies (Seddon 2002; Baker 2004) choruses were also 
performed during various intra-group contexts. However, intra-group choruses were 
given more than expected by chance in the peripheral territory zone, given the time 
spent in that area. Additionally, choruses did not however, occur equally throughout 
the year. As predicted by Hall (2004), if joint resource defence is important all group 
members should participate in choruses. In pied babbler all members do participate 
although the dominant pair invested more in calling than subordinate birds. This 
pattern reflects the skew in costs and benefits within the group, where the dominant 
pair have the highest incentives to defend the territory due to their high reproductive 
output (Nelson-Flower 2010). 
Additional evidence from other work also suggests some role in joint resource 
defence. First, all inter-group interactions are also accompanied by chorus displays 
(Chapter 7). Second, groups always approach the playback of another group chorus 
(Chapter 7). Both of these findings may be taken as indicators of a territorial defence 
function (Mitani 1985; Seddon 2002; Hale 2006). There is therefore some evidence 
that choruses play a role in resource defence, though patterns in seasonality and sex- 
differences in calling (Chapter 5), suggest this may not be their sole function (see 
below). 
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Hypothesis 2: Maintenance of Social Bonds 
I predicted that if maintenance of social bonds is important, then choruses should 
occur equally throughout the year, they should occur more often in intra-group 
situations, particularly when individuals are reunited following a group split, and 
group members should contribute equally. Choruses were, however, more common in 
breeding periods, and although chorusing did indeed occur when group members were 
reunited after a group split, this was by no means the only context in which they were 
given. Moreover, intra-group choruses did occur more at the territory periphery than 
was expected by chance. Finally, investment in chorusing was not equal between all 
group members, as dominants contributed more than subordinates. Brown et al. (1988) 
suggested that Australian magpie Cracticus tibicen choruses may act to maintain 
social bonds as a replacement for other close-contact afliliative behaviours that 
magpies do not perform, such as preening. Pied babblers however, frequently sit 
preening each other whilst not foraging (personal observation), although this does not 
exclude chorusing as an additional function. However, the evidence for this particular 
hypothesis is not very strong. 
Hypothesis 3: Mediation of Social Hierarchies 
I predicted that if choruses help to maintain dominance hierarchies, then chorus rates 
would be equal throughout the year and groups would chorus after conflict within the 
group. Again, choruses were not equally produced throughout the year, and indeed 
although commonly produced during and after group splits, this was by no means the 
only context in which they were performed. Again, such intra-group choruses were 
given more than expected in the peripheral territory zone. Additionally, I predicted 
that dominant birds should call more, and this is indeed what I found: dominants 
individuals initiated and finished choruses more than subordinate birds. It may also be 
expected that groups that are newly formed, have a new dominant individual or have 
new fledglings, may chorus more if this behaviour serves to mediate social 
hierarchies, but unfortunately I did not have a large enough sample of such events to 
test. Reyer and Schmidl (1988) suggest that the relationship between intra-group 
aggression and `laughing' in their captive kookaburra groups indicates its use in 
maintaining dominance hierarchies within the group. Regular intra-group aggression 
is not apparent in pied babbler groups (personal observation), but perhaps this is 
114 
Group chorus displays 6 
because vocalisations alone mediate the social hierarchy. There is therefore some 
support for the hypothesis that chorusing is used to mediate social hierarchies, but 
again patterns in seasonality, the greater likelihood of choruses being given in the 
presence of another group, and sex-specific call types (see Chapter 5) suggest other 
functions are also likely to be important. 
Hypothesis 4: Prevention of a Breeding Partner Being Usurped 
If chorusing functions as a cooperative form of mate guarding, signalling to opposite- 
sex intruders the presence of a mated pair, then I predicted that advertising should 
increase in periods of high risk, such as during inter-group interactions and during 
breeding periods. Pied babblers were indeed more likely to chorus during inter-group 
interactions and rates of chorusing did increase during the breeding season. 
This cooperative form of mate guarding is also suggested to be particularly important 
when social or ecological factors mean that breeding with a familiar mate is better 
than an unfamiliar potential mate (Hall 2004). Although there is no evidence to date 
on the long-term breeding success of pied babbler pairs, I predicted that if longevity of 
the pair-bond was important, then pairs that had been established for longer would call 
for longer together and be more symmetric in their calling patterns. I found, however, 
that length of pair bond did not have an effect on calling patterns at the end of a 
chorus, although it did affect when the dominant female was the final caller, being less 
likely as pair-bonds became more established. This latter finding does indicate some 
support for the hypothesis that chorusing plays a role in preventing a breeding partner 
from being usurped, but further data on pair fecundity would be beneficial. Defence of 
mates does not, however, appear to be equal between the dominant pair, as dominant 
females are far more aggressive to intruders than males (Raihani et al. 2008; Raihani 
et al. in press). Moreover, in the few (n=3) occasions I observed forced evictions of a 
dominant female by non-group females, the dominant male did not participate in any 
chasing or fighting to prevent his partner being usurped; one of which was a long pair 
bond (>1175 days), the other two were much shorter (<55 days). Furthermore, the 
strong observed responses of dominant females to female intruders, has in other 
studies been suggested to occur when partners defend the territory independently of 
each other (Levin 1996b; Morton and Derrickson 1996). 
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Finally, in this proposed function, calling is expected to be sex-specific, which is the 
case (see Chapter 5). However, members of the breeding pair did not respond with 
greater intensity to an intruder of the opposite sex, as suggested if choruses are a 
display of mate defence (Appleby et al. 1999; Hall 2004). Another prediction was that 
members of the dominant pair are equally likely to respond to the calling of their 
partner during a solo playback, as seen in magpie larks Grallina cyanoleuca (Hall 
2000; Mulder et al. 2003), because this would indicate that preventing your partner 
being usurped is equally as important as avoiding being usurped yourself. I found that 
partners did not call together very often after the intrusion of either sex, but that the 
dominant female joined her partner to chorus more often than the dominant male 
joined his partner, although the samples are small. In general, therefore, I found little 
evidence to suggest that chorusing functions to defend a mate from being usurped in 
pied babblers. 
Hypothesis 5: Avoidance of Being Usurped 
I predicted that if chorusing minimises the likelihood of an individual being usurped, 
calling is expected when such risks are high, during breeding seasons and inter-group 
interactions. Pied babbler choruses were performed at higher rates in the breeding 
season and were more likely to occur during inter-group interactions. Further 
predictions for this hypothesis were that the dominant female should invest more in 
calling in the presence of other females, and that the dominant male should call more 
if he is light in weight. Although I did not find this pattern in dominant males, patterns 
in dominant female calling were far more symptomatic of this hypothesis. Dominant 
females did call more in response to a female intruder. They also called for longer 
than their partner and were most likely to be the final caller of a chorus in the presence 
of individuals from other groups. Whether they are the final caller did decrease with 
the length of pair-bond, which is a possible indicator of reduced conflict with longer 
pair bonds. As suggested by Levin (1996b) and Seddon et al. (2002), paired 
individuals should also perceive same-sex individuals as more of a threat than 
opposite-sex intruders, and again I observed this in female pied babblers, but not in 
males. 
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These findings of dominant female defence and investment in calling in the presence 
of another group do fit the levels of female aggression observed in other studies 
(Raihani et al. 2008; Raihani et al. in press), indicating the high cost of losing a 
breeding position to intruding females that would be incurred by a usurped dominant 
female pied babbler. Dominant males on the other hand, do not respond stronger than 
their female partner in the presence of an intruding male, and do not call for longer, 
indicating that they do not run the risk of losing their breeding position to another 
male. Additionally, extra-group copulations have never been observed in this study 
population (Nelson-Flower 2010) and these findings suggest that calling is not the 
mechanism for controlling this. It also indicates that dominant males do not risk losing 
their female under such circumstances, however a solo male calling in their territory is 
unlikely to be a territory owner and perhaps would not represent a great threat to a 
resident and established dominant male pied babbler. In general, there is good 
evidence to suggest that calling in dominant female pied babblers does act as a 
mechanism to prevent being usurped by another non-group female, but dominant male 
calling in this context does not. 
Summary 
In common with many other studies (Reyer and Schimdl 1988; Seddon 2002; Hall 
2004), my results suggest multiple functions for coordinated vocal displays in group- 
living species. The strongest support was provided for joint resource defence and as an 
active display that dominant females in particular use to prevent being usurped; these 
are the most likely reasons choruses are given in inter-group contexts. However, 
choruses given in intra-group contexts might aid particularly in the maintenance of 
dominance hierarchies. More information is needed before these competing, but 
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CHAPTER 7 
COSTS OF TERRITORIAL BEHAVIOUR 
119 
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7.1. Abstract 
Seasonal patterns in territorial signalling are common in many species, and are often 
attributed to the benefits arising from the provision of information to potential mates 
or competitors during the breeding season. However, territory defence is likely to be 
costly in terms of both time and energy, so a rarely explored alternative possibility is 
that signalling decreases in the non-breeding season as a consequence of reduced food 
availability. Here, I investigate patterns of territorial signalling in the pied babbler, a 
year-round territory holder with seasonal breeding, to tease apart these potential 
explanations. Territorial signalling in pied babblers involves movement to territory 
boundaries and raucous group choruses with vigorous posturing displays. I show that 
natural interactions between neighbouring groups occur significantly less often, and 
that responses to the simulated intrusion of a neighbouring group are significantly 
lower, in non-breeding periods than in the breeding season. I also demonstrate that 
there is significantly less rainfall, a proxy for insect abundance, and that birds are 
significantly lighter in the non-breeding periods. Finally, a feeding experiment in the 
non-breeding season showed that groups receiving supplementary food significantly 
increase their response to a simulated intrusion. These data indicate that the reduction 
in territorial signalling during the non-breeding season may be at least partly attributed 
to the reduction in food availability, and suggest that future studies on seasonal 
variation in territorial defence should take this possibility into account. 
7.2. Introduction 
A territory is a fixed area of land in which territory owners have priority of access to 
critical resources (Kaufmann 1983), such as food, mates and breeding sites. Territories 
can be held by individuals, such as the breeding males of many antelope species (e. g. 
topi Damaliscus korrigum), by pairs, as in many monogamous bird species (e. g. 
rufous-and-white wrens Thryophilus rufalbus), or by groups, as in many cooperatively 
breeding species (e. g. African wild dogs Lycaon pictus). Whoever the territory 
owner(s), defence is a necessary component for maintaining exclusive use of its 
resources. Physical fights may arise, but are likely to be a last resort (Maynard-Smith 
and Parker 1976), and animals instead attempt to resolve disputes via signalling 
(Bradbury and Vehrenkamp 1998). Signalling by territory holders is unlikely to be 
exclusively about announcing the occupancy of an area, as there are many things that 
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territory owners may benefit from communicating. For example, although honest 
signals of size, sex, condition and motivation can help to deter unwanted conspecifics 
(Clutton-Brock and Albon 1979; McComb et at. 1994; Radford 2003; Pfefferte et at. 
2007; Vannoni and McElligott 2008), they may also play a role in attracting potential 
mates (Howard 1974; Eriksson and Wallin 1986; Catchpole 1987; McComb 1991; 
Catchpole and Slater 1995). 
In some species, territories are only defended for part of the year when particular 
resources are either required or restricted. For example, many birds defend nesting or 
mating sites only during the breeding season (e. g. chinstrap penguins Plgoscelis 
antarcticus (Vinuela et al. 1995)), while others retain exclusive access to foraging 
areas only when food resources are in short supply (e. g. brown skuas Catharacta 
lonnbergi (Trivelpiece et al. 1980)). However, other species hold permanent year- 
round territories, either because breeding occurs throughout the year (e. g. cape ground 
squirrels Xerus inauris (Waterman 1998)) or more commonly because territories 
contain both the necessary breeding sites and the food resources for reproductive 
success and year-round survival. Such all-purpose territories are common in many 
cooperatively breeding species (e. g. green woodhoopoes (Radford and Du Plessis 
2004a); carrion crows Corvus corone (Canestrari et al. 2008)). 
In species that hold year-round territories, seasonal patterns in territory defence are 
regularly observed. Scent marking, for instance, commonly increases during the 
breeding period (e. g. wolves (Peters and Mech 1975); water voles Ar'v icola lerrestris 
(Woodroffe and Lawton 1990); meerkats (Jordan et al. 2007); coyotes (Gese and Ruff 
1997); Ethiopian wolves (Sillero-Zubiri and Macdonald 1998)). Similarly, vocal 
signalling often varies systematically during the year captive kookaburra Dacelo 
novaeguineae groups increase calling prior to incubation (Reyer and Schimdl 1988); 
male white-browed sparrow weavers produce a specific song only during the breeding 
season (Wingfield and Lewis 1993); while male rufous-and-white wrens songs peak at 
the start of the rainy season, during the female fertile period (Topp and Mennill 2008). 
Peaks in territorial signalling during the breeding season are commonly argued to arise 
because such displays are likely used to indicate reproductive condition (Gese and 
Ruff 1997), to defend mates (Jordan et al. 2007) or to signal to possible partners 
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(Catchpole and Slater 1995), all of which are more important at this time of year. In 
some species, however, seasonal variation in displays by territory holders might also 
be the consequence of variation in food availability; displays are likely to be costly to 
produce in both time and energy, and higher food abundance is typically concurrent 
with the breeding season, when territorial displays peak. To the best of my knowledge, 
no studies have attempted to tease apart these two possible explanations for seasonal 
variation in signalling by year-round territory holders. 
Pied babblers are cooperatively breeding birds that live in stable, permanent groups 
and hold year-round territories in semi-arid seasonal Kalahari scrubland. Territorial 
signalling in this species involves raucous vocal displays (choruses) performed 
simultaneously by multiple group members, which also engage in parallel posturing 
displays, involving neck extending, wing flapping and tail fanning. When groups 
meet, they often alternate choruses whilst sitting in trees on opposite sides of a shared 
border, and can display like this for up to 35 min at a time (unpublished data). Such 
inter-group interactions (IGIs) rarely escalate into fights (Raihani 2008), which only 
tend to occur when individuals move across territory boundaries (personal 
observation). Pied babblers only breed during part of the year, the timing of which 
greatly depends on rainfall (Raihani and Ridley 2007a). However, territorial signalling 
and IGIs occur throughout the year, allowing an assessment of possible reasons for 
any seasonal variation. 
Here, I first compare the occurrence of natural IGIs and the response to simulated 
intrusions in the breeding and non-breeding season. I then investigate seasonal 
patterns in food availability, by examining (a) within-individual weight variation and 
(b) rainfall; rainfall is strongly linked to the onset of desert phenological events such 
as the emergence of insects (Beatley 1974; Veenendaal et al. 1996; Cumming and 
Bernard 1997), and invertebrates are the primary food source for babblers (Hockey et 
al. 2005; Ridley and Child 2009). Finally, I conduct a feeding experiment to 
manipulate the energy potentially available to pied babblers in the non-breeding 
season, a time when food is typically restricted, and assess any changes in investment 
in territorial signalling. 
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7.3. Methods 
7.3.1. Study site and population 
I collected data on eight habituated, colour-ringed pied babbler groups from the 
Kuruman River Reserve, South Africa (26°58'S, 21°49'E) between December 2006 
and August 2009. The study site consists of semi-arid Kalahari scrubland with a mean 
± SET, annual rainfall of 285 f 45 mm (2003-2009). There are two main seasons: the 
climate is warm and wet in the summer (Sep-May), and is cold and dry in the winter 
(Jun-Aug). For a more detailed description of climate and vegetation see Clutton- 
Brock et al. (1999) and Raihani and Ridley (2007a). 
Pied babblers live in groups consisting of a dominant breeding pair, who produce ca. 
95% of offspring raised in the group (Nelson-Flower 2010), and a mixed number of 
adult subordinate helpers and immature offspring (<12 months). In addition to 
agonistic interactions towards other group members, the dominant breeding pair are 
clearly identifiable by copulation behaviour, extended incubation periods and greater 
efforts in nest building (Ridley and Raihani 2008). Group size in this study period 
ranged from 2 to 11 adults (meant SD: 6.1 ± 2.6). Groups defend year-round 
territories and move around these as a tight unit, foraging together throughout the day. 
Groups were visited approximately three times a week, were habituated to human 
presence at a distance of <3 m, and were trained to stand on a flat-top balance for the 
reward of a mealworm. Birds were sexed using DNA (Griffiths et al. 1998) from 
blood collected when ringing (see Radford and Ridley (2008) for details on trapping). 
7.3.2. Seasonal variation in territorial behaviour 
7.3.2.1. Natural observations 
During observation sessions, either in the morning (starting at first light) or the 
evening (starting approximately two hours before sunset), I recorded the occurrence of 
all IGIs, the duration of the observation session and the time of year. An IGI occurred 
when two groups met and responded to one another by performing choruses and 
posturing displays. IGIs always involved territory neighbours and tended to occur on 
territory boundaries (see Chapter 6). The breeding season was defined as the period 
when groups were nest-building, egg-laying, incubating or feeding nestlings. The start 
of the breeding season was defined as the first date any group in the study population 
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started performing breeding behaviours, and the end was when the last group in the 
study population performed any breeding behaviours. Throughout the population, 
breeding starts quite synchronously (mean ± SD: 19 ± 14 days difference); the last 
breeding attempt is, however, less synchronous between the groups (mean ± SD: 71 f 
41 days), and is likely to be a consequence of breeding success during that season. 
The use of a population-wide timing of breeding season therefore excludes any social 
conditions that may influence breeding behaviours in particular groups, such as 
dominance struggles which delay the onset of breeding (Nelson-Flower 2010) or 
group-size effects on the cessation of breeding. It also considers the potential breeding 
behaviours of neighbouring groups, which may have an influence on the occurrence of 
territorial encounters. 
To investigate whether season (breeding or non-breeding) predicts IGI occurrence in 
an observation session (O=no, 1=yes), I ran a series of generalised linear mixed 
models (GLMI11s) with a binomial error distribution and a logit link function, with 
session duration included as a fixed term and repeated measures from the same group 
included as a random term. I analysed data from December 2006 to October 2007, 
using sessions that were greater than 15 min in duration and in which the group was 
observed continuously from start to finish (n=52 sessions in the breeding season, 35 
sessions in the non-breeding season). I used Akaike's Information Criteria second- 
order criterion (AICc) for small samples sizes to test a series of models, including the 
basic model containing only the intercept and the random term. Lower AICc values 
correspond with better relative support for each model (Akaike 1974). I tested a series 
of biologically plausible hypothesis removing all terms from the saturated model and 
retaining those in which removal inflated AICc by more than 2 (Burnham and 
Anderson 2004). To validate for no improvement, all the original terms were returned 
to the minimal model alone, and these models made up my model-set in which Akaike 
weights were calculated to show relative importance (Akaike 1974). 
7.3.2.2. Simulated intrusion 
To investigate variation in territorial behaviour between breeding and non-breeding 
seasons, I simulated the intrusion of neighbouring groups using playbacks of chorus 
recordings. Chorus recordings were made during natural observation sessions using a 
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Sennheiser ME 66 short gun directional microphone, frequency response 40 tiz - 20 
kHz :t2.5dB, with a K6 power module (2004 Sennheiser), and digitally transformed 
through a Marantz PMD660 solid-state recorder (2008 D&M Holdings Inc. ), 
frequency response 20 Hz -16 kHz (-0.5dß tolerance). All recordings were made 
within 50 m of the group, typically closer, and only high-quality calls (high signal to 
noise ratio) were used for playback. 
Recorded choruses were edited to a standard amplitude and duration (mean duration 
of 16 s, see Chapter 6), using Edit Pro 2.00 (1992-2002 Syntrillium Software 
Corporation). Playbacks were performed as a group foraged within its territory, at 
least 1h after any other inter-group contact. Playback was conducted from a joined 
pair of Creative TravelSound 200 speakers, frequency response 1501iz - 20 kHz 
(1998 - 2004 Creative Technology Ltd. ) within 15 m of the foraging group, hidden in 
the branches of the nearest tree; this reflects a natural situation because chorusing 
babblers tend to sit close to one another in the same tree. Playbacks levels were 
normalised using AVISOFT-SAS Lab Pro 4.52 (R. Specht, Berlin, Germany), and 
played back using a palm TX (2009 Palm Inc. ), at a volume to mimic the sounds of a 
group calling in the distance (-100 m away), and importantly not in the immediate 
area. 
I recorded the distance the group moved, using a GPS (Garin etrex, Garmin 
International Inc., USA), and the total response duration, either on a Panasonic Leica 
Dicomar NV-GS300 video camera (2010 Panasonic UK Ltd. ) or by commentating the 
whole sequence of events into a microphone (Sennhciser and Marantz; sec above). A 
response constituted any change in behaviour, from a minimal of interrupting foraging 
to flying to a high perch and subsequent movement around the territory. The group 
was considered to be responding until all individuals, with the exception of a sentinel 
(see Ridley and Raihani 2007a), had begun foraging again. Each group received the 
playback of two different neighbouring groups in a given season (breeding or non- 
breeding), and the response of each group was averaged for each season. My sample 
included the average response of six groups in the breeding season (Apr-Jun 2008) 
and eight groups in the non-breeding season (Jul-Aug 2007). Originally the same 
groups were targeted for a paired comparison, however two groups disappeared 
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between the two seasons. Data were checked for normality using an Anderson-Darling 
test and a two-sample t-test was used to explore differences between the mean 
responses to neighbour intrusions in the two different seasons. 
7.3.3. Seasonal variation in food abundance 
7.3.3.1. Mass 
Groups were joined at dawn, before they left the roost tree, and individuals were 
weighed as soon as possible once they came down to the ground. To investigate 
seasonal variation, I compared the average morning weights of individuals in 
consecutive breeding and non-breeding seasons. To remove any possible bias of 
increase in age, breeding season preceded non-breeding season for half of the 
analysed individuals and for the other half this order was reversed. I used data from 32 
adults, none of them egg-bound females, for which more than three weights were 
available for each season (mean ± SD number of weights: 40 ± 29 in the breeding 
season and 12 ±6 in the non-breeding season). Data were checked for normality and a 
paired t-test was used for analysis. 
7.3.3.2. Rainfall 
To determine if there was a relationship between rainfall and season, rain water was 
collected every day at dawn in a standard rain gauge located at the field site to 
quantify the previous 24 hours rainfall. I used these data to calculate an average daily 
rate (total rainfall/no. of days) of rainfall in seven breeding and subsequent non- 
breeding seasons from August 2003 to August 2009. Data were not normally 
distributed, so a Wilcoxon signed rank test was performed to investigate if the daily 
rate of rainfall was significantly different between the breeding and subsequent non- 
breeding season. 
7.3.4. Food supplementation experiment 
To test if the reduced response to neighbouring choruses in the non-breeding season is 
a consequence of reduced food availability, I conducted an experiment that combined 
food supplementation and chorus playbacks to simulate the intrusion of a 
neighbouring group. Six different resident groups received two `feeding' treatments in 
August 2009: in one treatment, all group members were fed hard-boiled egg yolk until 
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they were satiated (assessed as the point at which they moved to cover and began 
allopreening); in the other, no egg yolk was provided (as a control). Groups were 
joined off-roost at dawn to ensure no previous IGIs or foraging had occurred that day, 
and the experiment was conducted straight after the morning weighing session (see 
above). Feeding treatments to the same group were performed 4.7 ± 2.6 days (mean t 
SD) apart and the order of feeding treatments was counterbalanced across groups. 
Immediately after the feeding treatment, the group received a playback of the chorus 
of a neighbouring group; the same playback was used in both trials to the same group. 
The playback protocol followed that in the experiment above, with the speaker 
positioned so as to project the chorus from the direction of that particular neighbour. 
As in the previous simulated intrusion, the overall distance moved by the group (until 
they returned to foraging behaviour) and the total time spent responding was recorded. 
The following additional measures were also recorded: latency to initial response 
(time from the start of the playback until the very first movement change in the 
group); latency until the first chorus (time from the start of the playback); and duration 
of the first chorus. Differences were checked for normality using Anderson-Darling 
tests; those with a normal distribution were analysed using paired t-tests; in all other 
cases, non-parametric Wilcoxon signed rank tests were used after transformations 
failed to convert differences to normal. 
7.4. Results 
7.4.1. Seasonal variation in territorial behaviour 
The likelihood of an IGI being recorded in an observation session was significantly 
influenced by the interaction between session duration and season (Table 7.1): in the 
breeding season, an IGI was more likely to be recorded with increasing time spent 
with a group, whereas session duration had little impact on the likelihood of an IGI 
being recorded in the non-breeding season (Figure 7.1). Overall, lGls were much 
more likely in the breeding season (mean ± SEx : 2.82 ± 1.19 per hour) than in the 
non-breeding season (0.17 ± 0.07 per hour). 
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Table 7.1. GL%1M1s exploring factors affecting inter-group interaction occurrence. 
Generalised linear mixed models (GLMMs) with binomial error distribution and logit link 
function investigating the factors that predict the likelihood of an intergroup interaction (IGI) 
occurring in a given data session. Number of observation=87, Random term: group=16. Model I 
best fits the data with the fewest explanatory parameters. 
Model l Description Estimate AIC, k A, w, 
Basic - 102.5 2 8.2 0.011 
1a SESSION DURATION 0.0044 
+ SEASON Non-breeding -5.8969 94.3 5 0 0.713 
+ SESSION *SEASON Non-breeding 0.0445 
Alternative models 
2a SESSION DURATION - 100.5 3 6.2 0.032 
3a SEASON - 98.2 3 3.9 0.097 
4a SESSION DURATION + SEASON 97.4 4 3.1 0.147 
a 
C ýo 
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Figure 7.1. Effect of season and session duration on inter-group interaction occurrence. 
Predicted likelihood (from model 1, Table 7.1) of an inter-group interaction (IGI) occurring 
according to season and the duration of the data session. 
In response to the simulated intrusion of a neighbour, groups moved significantly 
further (log distance; two-sample t-test: T12=3.85, P=0.002,95% CI for difference: 
0.21,0.77) and responded for significantly longer (T12=2.96, P=0.012,95% Cl for 
difference: 0.89,5.91) during the breeding season compared to the non-breeding 
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Figure 7.2. Bar charts showing responses to simulated intrusions in different seasons. 
Mean ± SEx (a) distance moved and (b) total time spent responding by pied babbler groups 
following playback of the chorus of a neighbouring group in different seasons. 
7.4.2. Seasonal variation in food abundance 
Individuals weighed significantly less in the non-breeding season (mean ± SEX : 79.8 f 
0.5 g) than in the breeding season (81.5 ± 0.7 g; paired t-test: T31=3.91, NN32, 
P<0.001). Average daily rainfall was significantly higher in the breeding season 
compared to the non-breeding season (Wilcoxon signed rank test: Z6=-2.36, NN7, 













Figure 7.3. Chart showing rainfall and breeding season patterns. 
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7.4.3. Food supplementation experiment 
When food-supplemented, groups were significantly quicker to respond (Wilcoxon 
signed rank test: Z4=-2.02, N=6, P=0.043), moved significantly further (Z5=-2.20, 
N=6, P=0.027) and showed a strong tendency to respond for longer (Z5=- 1.78, N=6, 
P=0.075) in response to the simulated intrusion of a neighbouring group (Figure 7.4). 
Feeding treatment had no significant effect on the latency to start chorusing (paired t- 
test; T5=1.03, N=6, P=0.352) or on chorus duration (T5=-0.72, N=6, P=0.505). 




























Total response time 
Figure 7.4. Bar charts showing responses to simulated intrusion when fed and unfed. 
Mean ± SEx- and paired differences for a) latency to respond, (b) distance moved, and c) total 
time spent responding by pied babbler groups to the playback of the chorus of a neighbouring 
group following two treatments: Fed= supplementary feeding, Unfed = no additional food. Each 
group is represented by different symbol shape. 
7.5. Discussion 
Pied babbler inter-group interactions (IGIs) occurred more frequently, and groups 
responded more intensively to simulated intrusions of neighbouring groups, in the 
breeding season compared to the non-breeding season. During the breeding period, 
there was significantly more rainfall at the field site and birds were significantly 
heavier than in the non-breeding season. A feeding experiment in the non-breeding 
season indicated that when groups were given supplementary food, their response to 
simulated intrusions was significantly stronger than when not fed. 
Increased territorial signalling during the breeding season could theoretically be 
related to particular behaviours common to the time of year. For example, there may 
be a need to maximise the availability of limited resources, such as nesting sites, 
which may impact directly on breeding success (Andersson 1994; Newton 1994; Jacot 
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et al. 2009). However, at our field site, and perhaps for pied babblers in general, nest 
sites do not appear to be a rare commodity. I have observed birds building nests in a 
variety of acacia tree species and in various different positions in the canopy, from 
central forks to outer branches, suggesting a wide tolerance of nest sites. Furthermore, 
pied babblers are restricted to areas of semi-arid savannah woodland (Hockey et al. 
2005), with all of our groups occupying habitat containing many trees, and so it is not 
the case that breeding sites are rare or unique to some territories. In numerous other 
species, increased territorial aggression during the breeding season is also used to 
assure male paternity by preventing cuckoldry by encroaching neighbours (Olendorf 
et al. 2004; Akcay et al. 2009). Although extra-pair copulation are common in many 
bird species (Birkhead and Möller 1992), there is no genetic evidence of extra-group 
fertilization in the pied babbler population at our study site (Nelson-Flower 2010). 
This may, of course, be minimised through male aggressive behaviour during IGIs, 
however Raihani (2008) showed that dominant female pied babblers are more 
aggressive than dominant males towards unfamiliar individuals, perhaps indicating 
that the risk of cuckoldry through IGIs is low. It seems unlikely, therefore, that the 
increase in territorial behaviour by pied babblers during the breeding season is solely 
about the defence of nesting resources or mates, as has been suggested for other 
species. 
Instead, my results suggest that seasonal variation in pied babbler territorial activity is 
at least partially the consequence of energetic constraints at certain times of the year. 
Pied babblers can spend up to 35 min at a time performing territorial displays, giving 
alternating choruses that last an average of 16 s each (Chapter 6). Numerous studies 
have provided evidence that vocal displays are energetically costly to produce (Taigen 
and Wells 1985; Vehrencamp et al. 1989; Eberhardt 1994), and that defending a 
territory has additional costs in terms of the time lost for other vital activities, such as 
foraging (Erlinge 1968; Kruuk 1972; Gorman and Mills 1984; Balmford et al. 1992). 1 
found two indirect indicators that there is likely to be a reduction in food availability 
in the non-breeding season. First, adult birds were significantly lighter at that time of 
year compared to the breeding season. Second, there was significantly less daily 
rainfall than in the breeding season, and it is known that rainfall can be strongly linked 
to insect emergence (Beatley 1974; Veenendaal et al. 1996; Cumming and Bernard 
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1997). Such a reduction in available food may constrain investment in costly 
territorial activities, and this is further suggested by my food supplementation 
experiment: when additional food was provided, investment in territorial defence 
increased. 
One potential consequence of reduced investment in territory defence during the non- 
breeding season is that territory boundaries may break down or become less fixed. 
Group territory range use does tend to expand in non-breeding periods (mean ± SEX 
size expansion: 198 ± 54 m2; mean ± SEX breeding season size: 684 ± 51 m2; 
Appendix I). It is currently unknown, however, whether this is an artefact of reduced 
territory use in the breeding season due to the limited distance a group can travel from 
a nesting site, or if it arises from the reduced response of groups on hearing rivals. 
Territory holders moved less far on hearing a simulated intrusion in the non-breeding 
season, and this might result in fewer IGIs occurring and subsequent range expansion. 
Complete breakdown of territory boundaries may be prevented because pied babbler 
choruses are loud; they are audible to the human ear at a minimum of 500 m (personal 
observation), and choruses are performed in various intra-group contexts (Chapter 6). 
As pied babbler territories average 775 m2 in size, these choruses are likely to be 
heard by neighbours over much of their territory. It is plausible, therefore, that 
choruses alone act as signals to neighbouring groups, announcing presence without 
direct interactions; choruses are indeed performed throughout the year (Chapter 6). 
Although choruses alone could help to maintain a territory, it is likely that actual 
encounters are also beneficial in some way. Visual cues available during IGIs may, for 
example, provide additional information about the motivation of the territory owners; 
physical presence may also be more efficient at preventing unwanted intrusions. 
Moreover, there are likely to be additional benefits, alongside territory maintenance, 
to be gained from interactions with neighbours, such as advertising to attract potential 
mates (common in song birds (Catchpole and Slater 1995)) or indeed acquiring such 
information to aid dispersal decisions (see brown jays Cyanocorax mono (Hale et al. 
2003) and chacma baboons (Henzi et al. 1998)). In species like the pied babbler, 
where group compositions are relatively stable for long periods, such information 
transfer about potential breeding opportunities could be beneficial throughout the 
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year, as long as individuals can retain such information. In combination, this may 
explain why groups still react to the playbacks of neighbours, albeit without such 
intensity. 
Seasonal variation in territorial behaviour has been observed in numerous species of 
differing sociality that hold year-round territories (solitary: (Woodroffe and Lawton 
1990), pairs: (Topp and Mennill 2008), and groups: (Peters and Mech 1975; Reyer 
and Schimdl 1988; Gese and Ruff 1997; Sillero-Zubiri and Macdonald 1998; Jordan et 
al. 2007)). The most commonly suggested potential explanation for this is that 
territorial signals are driven by breeding behaviours: to defend breeding resources, 
such as mates, nesting sites and feeding sites, or to advertise to additional potential 
mates. My results suggest that, because displays can be costly in both time and energy 
requirements, reductions in territorial signals may also be a consequence of reduced 










Animals obtain various benefits by living in groups (Alexander 1974) and 
communication allows individuals to improve their collective ability to find food (von 
Frisch 1967; Boesch and Boesch 1989), to avoid predation (Seyfarth et al. 1980a; 
Manser et al. 2001) and to defend precious resources (Harrington and Mech 1979; 
Reyer and Schimdl 1988; McComb et al. 1994; Seddon 2002; Radford 2003). There 
are also various costs to living in a group and, as groups become more heterogeneous 
in requirements and composition, various conflicts of interest are likely to arise 
(Conradt and Roper 2003,2009). Here too, communication can play a crucial role, 
such as facilitating cohesion (Sigg and Stolba 1981; Stewart and Harcourt 1994; 
Boinski and Campbell 1995; Bourjade et al. 2009; Bousquet 2010), minimising 
physical conflict with higher ranking individuals (Hurst et al. 1993; Mitani and 
Nishida 1993; Fischer et al. 2004; Scordato and Drea 2007) and mediating sexual 
conflict (Nunn 1999; Pradhan et al. 2006; Townsend et al. 2008; Jordan et al. in press- 
b) 
. 
In this thesis I investigated how vocal signals facilitate group behaviours in an 
avian cooperative breeder, the pied babbler, particularly how a range of calls enhance 
the benefits and mediate the conflicts of living in a group. 
8.2. Communication mediates sociality 
8.2.1. Foraging together 
Although social animals can actively cooperate together to hunt or school prey items 
(Boesch and Boesch 1989; Stander 1992; Gazda et al. 2005), in many other species 
individuals simply acquire information about the discovery or location of food 
through public information (Templeton and Giraldeau 1995,1996) or intentional 
signals (von Frisch 1967). This adaptive benefit of group living can, however, result in 
a potential cost to the forager in terms of lost or shared resources, and competition for 
food within groups is commonly described (Borries et al. 1991; Gompper 1996; 
Sklepkovych 1997; Johnson et al. 2004; Flower 2007). 
In pied babblers, I found that vocal cues given by foraging birds provide information 
to other group members about the foraging success of the caller. These `elevated 
chuck calls' attract other group members to the foraging patch, but are not always 
given in situations suitable for sharing (Chapter 3). Dominant males produce these 
137 
Discussion 8 
calls more than expected compared to other social classes, and I suggest that this 
pattern in call usage may reflect the low cost of calling to the dominant male and high 
costs of doing so to other group members. My results suggest that when calling is 
costly, selection may favour suppression in signals that provide information to 
conspecifics. If this is the case, then this is a surprisingly uncommon finding in studies 
on food calling. Studies of other species generally seem to indicate that animals give 
food-related calls more in situations favourable to sharing and suppress them in 
unfavourable situations (Elgar 1986; Marler et al. 1986; Hauser and Marler 1993), 
rather than considering the concept that calling may simply incur no cost to certain 
individuals. Further investigation into the costs and benefits of signalling to pied 
babbler is however necessary, primarily to quantify the outcome of foraging 
competitions and the actual rate of foraging success between the social categories. The 
patterns found in this study do, however, illustrate how the potential costs of lost food 
items resulting from inadvertent signalling of information about foraging success to 
group members can be mediated through call suppression, and that this is a plausible 
alternative to ideas about cooperative signalling with an intention to share. 
8.2.2. Group cohesion 
The benefits of group living can be acquired only if an individual stays with the group 
(Alexander 1974; Krause and Ruxton 2002; Conradt and Roper 2007). In groups that 
are heterogeneous in time budgets and requirements, however, conflicts of interest 
may arise with regard to when to move on from a patch and when to stay (Conradt and 
Roper 2003,2005,2009). Animals have been suggested to manage these conflicts 
through various decision-making mechanisms that prevent the group from splitting 
(Conradt and Roper 2003), and in many species signals and cues facilitate these 
decisions (Poole et al. 1988; Stewart and Harcourt 1994; Boinski and Campbell 1995; 
Radford 2004a; Furrer 2009; Bousquet 2010). 
In pied babblers, groups do not split up and stay together as a cohesive unit whilst 
foraging. When moving around their territory foraging, I found that dominant birds 
are more likely to move off first and are more likely to initiate successful moves than 
subordinates (Chapter 4). This pattern in moving and leading is likely to be the most 
stable strategy, given the incentives for dominant birds to initiate leads and the costs 
to subordinates of defecting and being alone. Like many other species, pied babbler 
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group members often gave calls whilst leading, and doing so was important in 
influencing following behaviour. However, I found no evidence that dominant calls 
were discriminated, or indeed that there was a dominant-specific structure or signature 
to these calls used whilst moving. In general, my findings suggest that calling does 
help to facilitate cohesive behaviour, but information about whether it is a dominant or 
subordinate bird calling does not appear to be important. It is possible that individuals 
may be aware of the location of other group members through alternative cues given 
before moving, and therefore use visual cues to detect when a dominant bird leads off. 
This might be a potential avenue of future work, to aid understanding of how this 
apparently stable strategy for moving is mediated. 
8.2.3. Combined signals 
Many species produce loud calls that are largely thought to convey information over 
long distances to neighbouring groups (Marler 1972; Chivers 1975; Harrington and 
Mech 1979; Robinson 1979; Mitani 1985; Reyer and Schimdl 1988; Wingfield and 
Lewis 1993; McComb et al. 1994; Baker 2004; Hale 2006), potential mates or 
competitors (Stokes and Williams 1968; Sekulic 1982; Catchpole and Slater 1995; 
Levin 1996b; Grinnell and McComb 2001), although intra-group receivers have also 
been suggested (Brown et al. 1988; Reyer and Schimdl 1988). Individuals within 
socially complex groups, those with dominance hierarchies and that exhibit high 
reproductive skew, are likely to vary hugely in their incentives to advertise their 
presence to neighbours, potential mates or intruders. However, many species do 
produce loud calls in coordinated displays (Chivers 1975; Harrington and Mech 1979; 
Sekulic 1982; Mitani 1985; Brown et al. 1988; Reyer and Schimdl 1988; East and 
Hofer 1991a; Wingfield and Lewis 1993; McComb et al. 1994; Radford 2003; Hale 
2006). These coordinated displays are often suggested to serve multiple functions 
(Reyer and Schimdl 1988; Seddon 2002; Hall 2004) and given the variation in 
incentives between group members and breeding pairs this should perhaps not be too 
surprising. 
Pied babblers produce a number of loud call types that are discrete in acoustic 
structure (Chapter 5). Many of these call types are given most commonly by dominant 
males, who give them as solos in various contexts, some of which I speculate are used 
as infra-group signal of dominance and others as potential signals for mate 
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advertisement. One call type was most common to the dominant female, occurring in 
various contexts and again I speculate this call to serve as a signal of dominance to 
both intra- and inter-group receivers. Further investigation of these dominant male 
calls types is, however, essential to ascertain for sure their function. 
The coordinated vocal displays (choruses) of pied babblers are, like those of other 
species, unlikely to serve one discrete function (Chapter 6). Choruses are commonly 
performed in the absence of other groups and so could serve an intra-group function, 
such as signalling of information to maintain a dominance hierarchy. Choruses also 
contain sex-specific call types that are most often used by the dominant pair, and so 
are likely to serve in self advertisement. This is especially true for dominant females, 
which run the risk of losing their breeding position to roving females (Raihani et al. in 
press). There is also good evidence that chorusing behaviour in pied babblers serves in 
territory defence. Here, all individuals benefit to an extent, but the greater contribution 
of the dominant pair reflects their inflated incentives to fend off intruders. 
Investment in territory defence, even if shared, carries energetic costs. I demonstrate 
for the first time that these costs might explain, at least in part, the seasonal variation 
commonly shown in territorial behaviour (Chapter 7), and that this may further 
explain the reduced efforts in chorusing by subordinates. Additional investigation into 
contributions to defence during inter-group interactions would be beneficial here; 
however, alone I was unable to collect these data accurately due to the fast and 
frenzied nature in which birds flew around the territory border during these 
interactions. 
8.3. Social complexity and complex communication 
Communication is clearly adaptive, and there are some clear benefits of 
communication in group-living species. However, are more complex signals required 
to facilitate complex societies? The link between complex communication and 
sociality has received relatively little empirical attention in behavioural studies (see 
McComb and Semple (2005), Dunbar (1993), Blumstein and Armitage (1997b) for 
exceptions). This is most probably because it is hard to define the best measure of 
social complexity (possible measures include group size, grooming rates, number of 
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unique dyadic interactions a day), and equally hard to define vocal complexity 
(repertoire size, referent, individual recognition). 
An alternative and perhaps simpler line of questioning is to look for simplicity, rather 
than investigating complexity. Signals are likely to be costly, not just in terms of 
production and the costs of eavesdropping, but also in terms of receiver perception in 
learning and processing (Bradbury and Vehrenkamp 1998). Therefore we should 
expect individuals to produce highly coherent messages that provide as much 
information as necessary, for as little cost as possible to both signaller and receiver. 
Perhaps, therefore, we should be asking how little can individuals get away with 
signalling, while still being understood. An example of simplification of human 
messages, when there are obvious costs of excessive complexity, comes from SMS 
messages. Here, the numbers of characters available in a text message are reduced to 
minimise the time taken to send the information, the financial cost in exceeding your 
message limit and sending more than one message, and essentially minimising the 
time for the recipient to take in and process all the information. Therefore to 
understand the relationships between social and vocal complexity perhaps we should 
start with the most parsimonious line of enquiry: how much information is actually 
necessary for social animals to function successfully together? 
In general, pied babblers do use communication signals to facilitate various 
behaviours, such as initiating movement to a new foraging patch (Chapter 4), 
defending their territory against intruders (Chapter 7), signalling their presence as a 
sentinel (Hollen et al. 2008), indicating the proximity of predators (unpublished data), 
and announcing the availability of food items to both dependent (Raihani and Ridley 
2007a) and independent young (Radford and Ridley 2006). In all cases, these calls are 
fundamentally simple in structure, involving the use of just one syllable or call 
element, yet groups stay together, maintain a territory, avoid predation and share food. 
In my findings, I found very little evidence that recognition of individuals was 
required in order to perform these tasks successfully and this suggests that simple 
signals can govern a social group, even when the requirements and incentives are 
heterogeneous. This does not mean that additional information and social perception 
could not be beneficial, but perhaps additional investigations on the constraints of 
simple communicatory signals and consideration of when more information is 
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adaptive in social species, might be beneficial when investigating signal complexity 
and sociality. 
8.4. Future directions 
Two aspects of complex communication systems that I did not investigate specifically 
are repertoire size and individual recognition. It has been suggested that a larger vocal 
repertoire is reflective of a greater number of social interactions (Marler 1977; Waser 
1982; Hauser 1997; McComb and Semple 2005). Vocal signals do occur and mediate 
behaviour in many pied babbler interactions, but it is currently unknown whether 
more information is necessary as groups continue to increase in size or whether there 
is a critical number above which additional signals are no longer required. Studies 
exploring the rates of vocal interactions in larger groups compared to smaller groups, 
testing the fundamental assumption that more communication signals are necessary 
when there are more individuals, would therefore be of potential benefit in the future. 
Recognition of individuals within the group is suggested to occur when individuals 
interact with one another regularly over time (Mateo 2006). 1 found no evidence for 
group-level recognition in the chorus calls of pied babblers (data not presented in this 
thesis) and although I had some success testing for sex and status-level recognition, 
had no success in testing individual-level recognition. To test for true individual 
recognition, it is necessary to control for alternative levels of recognition that may 
ultimately explain discrimination between individuals, such as the sub-groups of 
status, sex and familiarity (Halpin 1986). Although claims for individual recognition 
are vast (Tibbetts and Dale 2007), the appropriate controls are commonly ignored and 
findings can be easily explained through discrimination of relative familiarity or 
dominance status (Halpin 1986; Thom and Hurst 2004). To test for true recognition in 
pied babblers I would need to control first for familiarity, so comparisons must be 
from individuals within the same group. I would then need to control for sex 
differences, so comparisons must be from individuals of the same sex. Finally, I 
would have to control for dominance status, as recognition of the dominant individual 
can simply come from association with an aggressive individual worth avoiding. 
Therefore, to test for true individual recognition in pied babblers I would need to use 
calls from same-sex subordinates from the same group. In my first field season, I 
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quickly discovered the rarity of finding two same-sex adult subordinates in a group 
and thus that the sample size would be too low for statistical testing and a true 
investigation of individual recognition in pied babblers. This remains, however, an 
area of potentially fruitful research in the future. If present, individual-level 
recognition could provide a more powerful explanation of some of the patterns I 
observed. For example, information about the identity of a forager giving elevated 
chuck calls might inform receivers about whether they should approach and thus 
mediate the risk of forging competition. In a longer-term study, where an adequate 
sample size could be achieved, it would be important to consider higher level 
recognition between group members. 
8.5. Conclusions 
Pied babblers use a range of vocal calls to enhance the benefits and mediate the 
conflicts of living in a group. Birds acquire information about the foraging success of 
foraging conspecifics, however when costly it appear that this signal is suppressed. 
Groups also use vocal signals to maintain group cohesion whilst moving around the 
territory foraging. Pied babbler use a variety of loud calls that appear to be used to 
mediate conflicts both within and between groups. Groups also combine loud calls 
and produce choruses that appear to mediate territory conflicts but also act as 
billboards for the dominant pair to advertise their presence using sex-specific calls. 
Self advertisement appears to be particularly important for dominant females in pied 
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